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INTRODUCTION 
Stunting syndrome (SS) is an enteric disorder that affects young, 
fast-growing chickens and turkeys worldwide. A number of descriptive terms 
have been given to this disease, brittle bone disease, pale bird syndrome, 
malabsorption syndrome, "helicopter" disease, that correspond to its 
various clinical manifestations. 
Further research has shown that SS-infection causes severe 
alterations in the small intestinal epithelium and in the exocrine tissue 
of the pancreas, which decrease the activity of the intestinal mucosa 
membrane-bound enzymes and pancreatic enzymes, respectively. The poor 
digestion and absorption of nutrients that result from these anatomical and 
physiological alterations cause the signs consistently seen in SS-infected 
chicks and poults: poor growth and various nutrient deficiencies. 
Little research has been done on the nutritional aspect of this 
disease, such as Inclusion of different ingredients or nutrients in diets, 
to Improve the utilization of nutrients by the SS-infected poultry. 
Specific dietary ingredients could be more easily digested and absorbed 
than others by the infected birds because of their chemical composition. 
Moreover, due to the Infectious characteristics of the disease, there are 
specific nutrients that could become limiting because of their role in the 
defensive mechanisms of the body. 
The research presented in this dissertation addresses these 
questions: (1) Can the use of specific dietary Ingredients alter the 
severity of SS? (2) Can high dietary concentrations of vitamin E, the main 
nutrient that acts as a physiological antioxidant, alter the severity of 
2 
SS? 
Explanation of Dissertation Format 
The two papers that constitute the main body of this dissertation 
represent two complete manuscripts. The first paper contains a manuscript 
that will be submitted for publication in the Journal flf ihg Poultry 
Science Association under the authorship of E. G. Mallarino, J. L. Sell, F. 
J. Piquer, M. F. Soto-Salanova, and R. C. Ewan. The second paper contains 
a manuscript that will be submitted for publication in the Journal of the 
Poultry Science Association under the authorship of E. G. Mallarino, J. L. 
Sell, F. J. Piquer, M. F. Soto-Salanova, D. Barker, P. Palo, L. Vilaseca, 
and R. C. Ewan. E. G. Mallarino is the senior author of the two 
manuscripts. 
The two papers are preceded by a literature review and followed by a 
general summary and the literature cited in the literature review follows 
the general summary. 
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LITERATURE REVIEW 
Physiological Development of the Gastrointestinal Tract In the Newly 
Hatched Poultry 
Developing embryos and newly hatched poultry utilize yolk lipids as 
their major source of energy. Digestion of these lipids seems to be 
catalyzed by lipases secreted from the Internal surface of the yolk sac. 
The rate of yolk assimilation increases after hatch and it occurs at three 
sites of absorption: the yolk sac membrane, the yolk stalk epithelium and 
the Intestinal mucosa (Romanoff, 1969). Yolk that enters the intestine 
seems to carry the factors necessary for its own assimilation, therefore 
the Importance of pancreatic and biliary secretions for yolk lipids 
utilization seems negligible. 
When the bird starts to eat, its nutrient digestion and absorption 
abilities are not fully developed. A rapid adaptation to the new diet is 
vital to achieve satisfactory growth. Sell et al. (1991), working with 
young poults, observed a period of relatively slow growth until day 2 after 
hatching, which coincided with a rapid decrease in the weight of the 
residual yolk. After that followed a period of rapid growth until 8 days 
of age. 
Intestinal physical capacity and absorptive area need to Increase 
rapidly after hatch to handle more feed. These changes were observed by 
Sell et a l .  (1991) when working with young turkeys and by Katanbaf et  a l .  
(1988) when working with young chickens. Sell et al. (1991) observed a 
marked Increase in the absolute weights of all the segments of the small 
intestine with age. Moreover, they observed that the weights of the 
gastrointestinal tract (GIT) segments Increased faster than did body 
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weight. 
The physiological capacity to digest feed needs also to be rapidly 
developed within a few days after hatch. Several authors have reported 
observations that indicate such development. Sell et al. (1991) pointed 
out a marked increase in the weight of the pancreas of young poults with 
age. These authors also found a progressive Increase in the weight of 
this gland in relation to body weight (grams of tissue per 100 grams of 
body weight) indicating the Importance of this organ as a supplier of 
digestive enzymes. 
Newly hatched poultry have limited capacity to digest certain 
carbohydrates, proteins and lipids. In the Instance of carbohydrates, data 
presented by several authors indicate that poultry lack the ability to 
utilize carbohydrates efficiently during the first few days after hatch. 
Low maltase and sucrase activities in the intestinal mucosa of hatching 
chicks have been observed by Siddons (1969). Similarly, Sell et al. (1989) 
observed low sucrase and Isomaltase activities in the Intestinal mucosa of 
newly hatched poults. Working with young poults. Angel et a1. (1990a) 
observed a considerable decrease in maltase activity from day 1 through 7 
before increasing through 25 days of age. Similar changes with age were 
observed for sucrase activity by the same authors. In agreement with these 
data. Sell et al. (1991) reported a marked decrease in jejunal maltase 
specific and total activity in young poults from 1 to 4 days of age. 
Krogdahl and Sell (1989) found that pancreatic amylase in poults was low at 
hatch, approximately 20% of the activity observed at 56 days of age, and 
then Increased rapidly through 21 days after hatch. 
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Krogdahl and Se11 (1989) reported that poults presented low protease 
activity at hatch with values approximately 50% of those observed at 56 
days of age. Sell et al. (1991) observed that trypsin specific activity in 
the young poult has a 4 day lag period right after hatch and then increases 
substantially until 6 days of age. 
There are numerous indications that the ability to digest lipids is 
not fully developed in very young poultry. Lipase activity in poults at 
hatch is approximatelly 30% of the activity observed at 56 days of age. 
(Krogdahl and Sell, 1989). Recent research by Sell et al. (1991) showed a 
relatively large increase in specific activity of pancreatic lipase between 
day of hatching and 1 day of age and a slight increase afterwards. 
Escribano et a l .  (1988), reported that pancreatic lipase specific activity 
in poultry declined between 4 and 10 days of age, however because of a 
marked increase of the weight of the pancreas, total lipase activity 
increased, although slowly. Similar observations were made by Krogdahl and 
Sell (1989). 
Overall, several authors have demonstrated an absence of coordinated 
rates of synthesis or release of digestive pancreatic enzymes in young 
turkeys, (Krogdahl and Sell, 1989; Sell et a7., 1991) and in young chickens 
(Marchaim and Kulka, 1967). 
In a review regarding changes in the digestibility of various fats in 
chicks. Freeman (1976) reported that the digestibility of animal fat, 
tallow in particular, is poor initially and then increases gradually to 8 
weeks of age. A similar development in digestibility of lipids was 
observed in turkeys by Whitehead (1973). In general agreement with these 
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data are those reported by Sell et a l .  (1986) where marked Improvements in 
the digestibility of fat in young turkeys between 2 and 4 weeks of age were 
observed. More recently, research by Sell et al. (1991) showed that 
utilization of dietary fat and other major nutrients by poults was very 
limited during the first few days after hatch. These authors found that 
retentions of dietary fat, protein and energy decreased markedly between 1 
and 5 days of age and started to increase during the following 2 days. They 
also observed that feed-to-gain ratios were inversely related to nutrient 
retentions, with the largest ratio occurring at the time of poorest 
retentions (3 to 5 days of age). 
It has been generally stated that absorption of fat soluble vitamins, 
among which is vitamin E, is dependent on normal absorption of fats. 
Information presented above clearly indicates the limitations of young 
poultry to utilize fats, consequently it seems logical to assume poor 
utilization of the fat soluble vitamins. Dudin and Dvinskaya (1983), 
reported a decrease in the absorption of a-tocopherol during the first 20 
days of life in chickens. Moreover, turkeys are known for poor ability to 
accumulate vitamin E in their tissues as compared with chicks (Mecchi et 
a/., 1956; Marusich et a l .y  1975; Sklan and Oonoghe, 1982). Mecchi et a l .  
(1956) and Marusich et al. (1975) attributed this phenomenon to decreased 
gastrointestinal absorption, especially early in life. 
Stunting syndrome 
Stunting syndrome (SS) is an infectious enteric disorder that affects 
young poultry (Kouwenhoven et a7., 1978). It is characterized by uneven 
7 
growth detectable as early as 4 days of age, increase in mortality between 
6 and 14 days of age, poor feathering, diarrhea and paleness of shanks 
(Kouwenhoven et al., 1978; Bracewell and Randall, 1984). Stunted birds 
often present pendulous abdomens due to distention of the intestines with 
poorly digested feed (Bracewell and Randall, 1984). Upon necropsy, stunted 
broilers and poults have dilated and pale intestines filled with undigested 
feed and gas (Vertomnen et  a?., 1980; Bracewell and Randall, 1984; Angel et  
a l . ,  1990b) and pale, firm pancreases (Reece et  a l . ,  1984; Smart et  a l . ,  
1988). 
Histopathological studies have demonstrated lesions in the small 
intestine (SI) as well as in the pancreas. Sections of the SI have 
occasionally revealed small blunted villi and dilated crypts of Lieberkuhn 
(Bracewell and Randall, 1984; Angel et al., 1990b) lined with flattened 
epithelium and containing cellular debris in the lumina (Bracewell and 
Randall, 1984). Further observations by Angel et al. (1990b) showed that 
the microvilli of the stunted poults were in disarray and appeared to be 
fused in many instances. These authors commented about a possible adverse 
effect on the digestive and absorptive capabilities of poults due to the 
observed physical alterations of the intestinal mucosa. 
Lesions observed in the pancreas have been confined to the exocrine 
tissue and have consisted of degeneration, atrophy, and fibroplasia 
(Bracewell and Randall, 1984; Reece et al., 1984; Martland and Farmer, 
1986). In general, pancreatic changes observed in stunted birds have been 
similar to those observed in experimental Se deficiency in the chick (Gries 
and Scott, 1972). A field outbreak of the SS in the USA has been reported 
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to be responsive to both vitamin E and Se supplementation (Colnago et  a l . ,  
1983). According to these results It could be possible that the pancreatic 
changes seen In SS-affected poultry were the result of Se deficiency. The 
reason for the deficiency was not attributed to low levels of Se intake 
because the non-stunted birds had normal levels of plasma glutathione 
peroxidase (GSH-Px) activity. The alternative explanation for the low 
levels of GSH-Px activity observed in stunted birds was that an infectious 
agent causing enteritis was responsible for reducing the absorption of Se, 
and possibly other nutrients, from the SI which, in turn, could lead to 
further malabsorption because of pancreatic degeneration (Sinclair et a7., 
1984). This hypothesis was substantiated by additional findings by 
Sinclair who observed that, during experimental reproduction of the disease 
in chickens, there was a marked reduction in plasma GSH-Px activity before 
significant changes in pancreatic histology were observed. Either 
Intestinal or pancreatic damage would lead to poor nutrient utilization 
because of malabsorption or maldigestion and this could be responsible for 
the signs seen in chickens with SS: poor growth and various nutrient 
deficiencies. 
Other authors have reported that pancreatic atrophy in stunted 
chickens was a result of pancreatic duct obstruction (Martiand and Farmer, 
1986). Frazier et a7.(1986) described the presence of virus-like particles 
in the epithelial cells lining the pancreatic ducts from 11 and 14 -day-old 
chickens from a flock showing SS. It was suggested that the degeneration 
and necrosis of these cells followed by their sloughing from the basal 
membrane Into the lumen of the pancreatic ducts caused obstruction which 
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resulted In the pancreatic atrophy observed In stunted birds. In either 
case, the lack of pancreatic enzymes In the Intestinal lumen would result 
In maldigestion and malabsorption and therefore poor nutrient utilization. 
Kouwenhoven et a7. (1983) observed that the concentrations of 6-
carotene and vitamin E were reduced in the plasma and tissues of stunted 
birds. The reductions in B-carotene and vitamin E concentrations could 
have resulted from the poor nutrient utilization consistent with pancreatic 
degeneration. Intestinal absorption of vitamin E is dependent on 
pancreatic function, biliary secretion, mi cellar formation and penetration 
across intestinal membranes (Muller et a7., 1974; Muller et al., 1976; 
Hollander, 1981). Therefore, lack of either bile or pancreatic enzymes, as 
well as damage of the intestinal epithelium, would reduce vitamin E 
absorption. 
Vitamin E 
Vitamin E is an essential nutrient that functions as an antioxidant 
in the animal body. Vitamin E is a generic term that includes all entities 
that exhibit the biological activity of natural vitamin E, delta-alpha-
tocopherol. In nature, eight substances have been found to have vitamin E 
activity: delta-alpha-, delta-beta-, delta-gamma-, and del ta-tocopherol ; 
and delta-alpha-, delta-beta-, delta-gamma-, and delta-tocotrienol. Of the 
eight fat-soluble derivatives, alpha tocopherol predominates in many animal 
species and has the greatest biological activity (Wilson, 1983) the active 
site being the 6-hydroxyl group (Wilson, 1983; Burton and Ingold, 1981). 
In most Instances, vitamin E has become synonymus with the most active 
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form, alpha-tocopherol and its esters (Machlin and Brin, 1980; Herting, 
1984). 
There are three ways in which vitamin E functions: the first and 
most important, is as an antioxidant that protects cells from free radical 
damage. It also seems to play a role in prostaglandin-mediated disorders: 
inflammation and circulatory irregularities. Vitamin E also inhibits the 
conversion of nitrites in cured foods to nitrosamines in the stomach which 
are strong tumor promoters. 
Vitamin E Absorption 
Vitamin E absorption is dependent upon normal lipid digestion and 
absorption. The efficiency of tocopherol absorption, therefore, is related 
to normal pancreatic function, bile secretion, micelle formation, and 
penetration across intestinal membranes (Bjorneboe et al., 1990). Dietary 
tocopherol is released from associated proteins by proteolytic enzymes and 
(or) acidity in the stomach. Tocopherols then flow into the small 
intestine with other digesta where they are dissolved in fat globules which 
are produced from dietary lipids. These fat globules are referred to as 
the oily phase (Weber, 1981, 1984). 
The oily phase, by the action of bile and pancreatic juice, is 
transformed into mi cellar phase. Both pancreatic juice and bile are 
required for maximal lipid absorption; if one or both are lacking, lipid 
and fat-soluble vitamin absorption will decrease. Pancreatic lipases 
hydrolyze triglycerides into long chain fatty acids and monoglycerides. 
Bile salts exert a detergent action, are cofactors for enzymes and are 
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Involved In the formation of mixed micelles. The formation of micelles is 
necessary for normal lipid absorption. Mixed micelles contain 
monoglycerides, long chain fatty acids, phospholipids, cholesterol, bile 
salts and fat-soluble vitamins. Tocopherol within mixed micelles is mostly 
in the alcohol form. Tocopherol absorption is enhanced by the presence of 
dietary lipids, especially medium chain fatty acids. But, polyunsaturated 
fatty acids (Gallo-Torres et al., 1971) and retinoic acid (Bieri et a/., 
1981} have been shown to reduce tocopherol absorption. 
The first step in the uptake of fat-soluble vitamins is the passage 
through the unstirred water layer and the lipid membrane of the absorptive 
cells to finally arrive at the brush border. Micelles collide with the 
cell membrane and the components of the mixed micelles, except bile salts, 
penetrate the cell membrane and eventually reach the cytoplasm. 
The uptake of tocopherol from the gut is thought to be a non­
saturable diffusion process, not carrier mediated. The movement of 
tocopherol through the epithelial cell is not well understood and is 
thought to require several stages (Gallo-Torres, 1980; Diplock, 1985). 
In birds, tocopherol from the intestinal cell is released into the portal 
system within portomicrons. 
Hydrolysis of tocopherol esters is not necessary for absorption, but 
hydrolysis improves absorption (Gallo-Torres, 1980). Esters are hydrolyzed 
to free alcohol in the intestinal lumen by pancreatic lipases (Diplock, 
1985). The absorption efficiency of tocopherols and tocopherol esters is 
relatively poor. Gallo-Torres (1980) reported that absorption efficiency 
is influenced by experimental protocol and that 20 tO 40% of oral Intake is 
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absorbed. 
Dietary constituents, minerals and lipids, may cause autoxidatlon of 
alpha-tocopherol In the gastrolnteslnal tract and decrease the percentage 
of absorption (Burton et al., 1988). The vitamin status, deficient vs. 
non-deficient (Burton et al., 1988), nutritional status, fasting vs. non-
fasting, and percentage fat in the diet, does not affect the percentage of 
absorption of d-l-a-tocopherol (Kelleher et al., 1972). As the dose of 
tocopherol increases, the efficiency of absorption decreases (Traber et  
al., 1986). 
Transport of a-Tocopherol 
Within the mucosal cell, lipids and fat soluble vitamins accumulate 
into fat droplets inside the smooth endoplasmic reticulum (SER). In 
contrast to vitamin A, vitamin E does not have to be re-esterified for 
transport to take place. The fat droplets are released by the SER and 
taken up by the Golgi complex. The Golgi complex encloses lipids and fat 
soluble vitamins with apoproteins to form triglyceride rich lipoproteins, 
chylomicrons, and very low density lipoproteins (VLDL). Encased within 
lipoproteins, lipids and fat-soluble vitamins can be transported in the 
aqueous medium of the extracellular spaces. Lipoproteins are released into 
the lateral Intercellular spaces and eventually reach the general 
circulation through the intestinal lymphatics (Weber, 1981). 
Vitamin E circulates in lymph and blood bound non-speclfically to 
lipoproteins. No specific plasma transport protein for vitamin E has been 
identified. Lipoproteins are commonly classified by their flotation 
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density: chylomicrons (portomicrons in poultry), very low density 
lipoproteins (VLDL), low density lipoproteins (LDL), and high density 
lipoproteins (HDL). Lipoproteins are composed of a hydrophobic core, that 
contains triacylglycerol s and cholesterol esters, and an amphiphatic 
surface, that contains unesterified cholesterol, phospholipids, and 
apolipoproteins. Chylomicrons and VLDL are synthesized in the intestine 
and the liver synthesizes VLDL and HDL. High density lipoproteins and LDLs 
are formed in the plasma. A majority of the tocopherol in chylomicrons and 
in VLDL is contained within the core but some can be found at the surface. 
Each lipoprotein fraction contains tocopherol with the majority in the B-
lipoprotein fraction (Machlin, 1984). 
In the general circulation, tocopherol contained within chylomicrons 
and VLDLs is rapidly exchanged with other lipoproteins. The specific 
lipoprotein fraction that transports the majority of the tocopherol, varies 
by species and nutritional state. Tocopherol is also transported within 
erythrocyte membranes which contain about 20% of the tocopherol found in 
plasma (Chow, 1975). There is a rapid exchange of tocopherol between 
plasma and erythrocytes ; 25% turnover per hour (Kayden and Bjornson, 1972). 
A high correlation can be found between total serum lipid concentration and 
serum tocopherol concentration (Gallo-Torres, 1980). Tocopherol 
concentration in blood is affected by dose of tocopherol, concentration of 
lipids and lipoproteins in blood, rate of tocopherol removal by tissues, 
and tissue retention of tocopherol. Tocopherol is also found in blood 
platelets and this tocopherol may serve as a sensitive indicator of 
tocopherol status of the body (Lehmann et al., 1988). 
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The half-life of radiolabeled tocopherol in general circulation is 
about 12 minutes (Bjorneboe et a7., 1987), whereas the half-life of 
chylomicrons ranges from 5 to 15 minutes. Plasma a-tocopherol is cleared 
by the liver in association with chylomicron remnants (Bjorneboe et a7., 
1990). Chylomicron remnants are formed from the action of lipoprotein 
lipase on chylomicrons. Parenchymal cells within the liver contain the 
majority of hepatic tocopherol (Bjorneboe et al., 1985). The liver 
secretes tocopherol into the circulatory system via VLDL. The primary 
hepatic oxidation product of a-tocopherol is a-tocopherol-quinone 
(Bjorneboe et al., 1990). 
Tissue Deposition of a-Tocopherol 
Tocopherol is rapidly taken up by all tissues and is stored in ah 
unmodified, non-esterified form. Vitamin E accumulates in all tissues over 
time (Machlin and Gabriel, 1982). Tissue uptake of tocopherol differs from 
that of other vitamins; there is no deposition treshold in any tissue 
except the liver. Two mechanisms have been recognized to deliver 
tocopherol to tissues. Lipoprotein lipase hydrolyzes the triglycerides 
carried within chylomicrons and VLDL, and may play a role in tocopherol 
transfer to tissues (Traber et al., 1985). A low density lipoprotein 
receptor mechanism that delivers LDL to cells may also deliver tocopherol 
(Traber and Kayden, 1984). Adipose tissue, liver, and muscles are the 
major storage sites for tocopherol. The amount of tocopherol in tissues is 
directly related to the logarithm of tocopherol intake (Bieri, 1972). 
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Tissue Depletion of a-Tocopherol 
Depletion of body stores of vitamin E varies among species and by 
tissue. After the removal of vitamin E from the diet, plasma and liver are 
rapidly depleted of tocopherol. Cardiac and skeletal muscle tocopherol are 
depleted more slowly (Gallo-Torres, 1980). Tocopherol within adipose 
tissue is depleted very slowly or negligibly. Tocopherol deposited in 
adipose tissue may not be bioavailable (Machlin et al., 1979) and may be 
one of the largest non-exchangeable pools of tocopherol in humans and lower 
animals (Gallo-Torres, 1980). Bieri (1972) reported that tissue other 
than adipose tissue contains a labile pool and a fixed pool of tocopherol. 
The fixed pool is retained for long periods. Gamma-tocopherol is taken up 
by tissues but is eliminated from tissues at a faster rate than a-
tocopherol (Peak and Bieri, 1971). Thus, the methyl group at position C-5 
may also be important in tissue retention of tocopherols (Gallo-Torres, 
1980). 
Biological Antioxidant Role of Vitamin E 
A major function of vitamin E is that of a biological antioxidant 
with a special role in protecting the cell membranes. Vitamin E is the 
most important lipid soluble antioxidant; it quenches free radicals and 
acts as terminator of lipid peroxidation (Chow, 1985; Burton et a/., 
1983). Free radicals are normal by-products of cell activity and serve 
necessary and desirable functions in the body. However, an overload of 
free radicals resulting from the diet, stress, or environment can result in 
cell damage and increase the risk of disease. 
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Free radicals can initiate the formation of additional free radicals 
by reacting with polyunsaturated fatty acids. Such fatty acids contain 
methylene groups from which the hydrogen atoms are easily abstracted by 
radicals. The fatty acid radical formed can react spontaneously with 
oxygen to form a fatty acid peroxy radical. This radical may propagate the 
peroxidation of an additional fatty acid by abstracting a hydrogen atom to 
form a hydroperoxide and a new fatty acid radical. In this way, a chain 
reaction may occur which can oxidize many fatty acid molecules as a result 
of the initial formation of a single fatty acid radical. 
Node of Action of Vitamin E 
Antioxidants may exert their actions in different ways. Alpha-
tocopherol is a free radical scavanger and as such it can prevent 
autocatalytic free radical reactions such as lipid peroxidation by reacting 
with the initial free radicals formed in the peroxidative process to yield 
products which are either unreactive or which degrade to nonradical 
products. In the particular case of a-tocopherol the reaction occurs as 
follows: a-tocopherol donates a hydrogen atom to a free radical, thereby 
resolving the unpaired electron of the radical, while it oxidizes to its 
qui none form. 
Role of Vitamin E in Cell Membranes 
There is considerable evidence to suggest that at least part of the 
function of vitamin E is to protect the organization of cell membrane 
lipids from the disorganizing effect of free radical-mediated reactions 
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initiated by the activity of certain enzyme systems (Niki et al., 1989; 
Yamamoto et al., 1985; Yamamoto et al., 1986). Because the lipids which 
are most susceptible to lipid peroxidation are located in the membranes of 
various subcellular organelles and form nonaqueous compartments within the 
cells, a fat soluble antioxidant which terminates free radical reactions of 
unsaturated lipids may be required for membrane stability. a-Tocopherol 
can fill this requirement quite adequately and has the added advantage of 
being nontoxic at the required levels. Synthetic or substitute 
antioxidants might not orient themselves in membranes to provide the same 
efficiency of radical scavenging as a-tocopherol. 
Role of Vitamin E in Disease and Early Life Stress Resistance 
Antioxidant nutrients, among them vitamin E, play an essential role 
in the defensive mechanisms of the body against infectious diseases and 
cancer (Bendich, 1988). Their effect is most pronounced in infectious 
diseases where immune phagocytosis is the main defensive mechanism 
(Tengerdy, 1989). Vitamin E supplementation enhances humoral and cell-
mediated immunity, and augments the efficiency of phagocytosis in 
laboratory animals, farm animals, and humans (Tengerdy, 1990). A 
supplementation 2 to 10 times higher than presently recommended levels of 
vitamin E to animal diets significantly increased humoral and cell mediated 
immune responses and phagocytic functions in farm animals (Ellis and 
Vorties, 1976; Larsen and Tollersrud, 1981; Teige et al., 1982; Tengerdy, 
1986). 
The main role of vitamin E in enhancing immune responses and 
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phagocytosis Is the prevention of lipid peroxidation of cell membranes. 
The rapidly proliferating cells of the stimulated immune and phagocytic 
systems are particularly prone to peroxidative damage by free radicals, 
peroxides, and superoxides. Vitamin E protects the cells of the Immune 
response from peroxidative damage, possibly through a modulation of 
lipoxygenation of arachidonic acid. 
Dietary supplementation of vitamin E is beneficial to animals, 
especially when they are under stress (Tengerdy, 1989). The rapid rate of 
growth of the newly hatched poultry may cause homeostatic mechanisms 
associated with maintaining the Integrity of membranes to function at the 
limit of their capacity. Moreover, it is possible that because of the 
rapid development of meat-type poultry, the intake and absorption of 
tocopherol may not be adequate to provide sufficient rate of deposition in 
newly formed membranes to prevent free-radical-initiated peroxidative 
changes. 
In accomplishing Its disease and stress protection function, vitamin 
E Interacts with other antioxidant nutrients (Tengerdy, 1990). Vitamin E 
and vitamin C interact positively in enhancing imnune responses and 
protection from infectious diseases and cancer (Bendich et al., 1984; 
Watson and Leonard, 1986). Vitamin E also interacts positively with 
antioxidant micronutrients such as Se, Cu, and Zn (Tengerdy, 1986). On the 
other hand, Tengerdy and Brown (1977) and Tengerdy (1990) failed to find a 
positive interaction between vitamins E and A in the protection of E.  co l i -
infected chickens, although a positive Interaction between vitamin E and 6-
carotene was observed (Tengerdy, 1990). 
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Vitamin E also Interacts with other nutrients In the diet, especially 
polyunsaturated fatty acids (Tengerdy, 1990). The requirements of a-
tocopherol are largely governed by the amount of polyunsaturated fatty 
acids present In the diet (Horwitt, 1972). Diets rich In polyunsaturated 
fatty acids Increase the susceptibility to lipid peroxidation because they 
enhance the content of such fatty acids In biological membranes, thereby 
increasing vitamin E requirement. 
Selenium 
Selenium (Se) is an essential micronutrient that plays a protective 
role against peroxidative damage in the animal cells as a constituent of 
two distinct Se-enzymes: glutathione peroxidase (GSH-Px; MW ca. 84,000) 
and phospholipidhydroperoxide glutathione peroxidase (PLGSH-Px; MW ca. 
20,000). GSH-Px and PLGSH-Px both catalyze the reduction of the 
substrates: HgO^, cumene hydroperoxide and t-butylhydroperoxide by using 
reduced glutathione (GSH) as substrate, while only PLGSH-Px catalyzes the 
reduction of phospholipidhydroperoxides (Ursini and Bindoli, 1987). 
Se occurs naturally in foods and feedstuffs almost exclusively in 
organic compounds, the primary forms of which are selenomethionine, Se-
methyl-selenomethionine, selenocystine, and selenocysteine (Olson et a l . ,  
1970). The amounts of Se contained in most feed and food plants vary 
according to the concentration and biological availability of Se in soils. 
Selenium Absorption 
The major dietary forms of Se (selenomethionine, Se-methyl-
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selenomethionine, selenocystine, and selenocysteine from natural sources 
and sel enite from nutritional supplements) seem to be well absorbed by 
monogastrics. Selenate (Yamamoto and Segal, 1966), methionine, and 
selenomethionine (McConnell and Cho, 1965) are actively transported through 
the intestinal mucosa. Their absorption is carried out by the enzyme 
sulfate permease (Yamamoto and Segal, 1966). In contrast, the transport of 
selenocystine and selenlte by the hamster intestine did not proceed against 
concentration gradients and was not inhibited by cystine or sulfite. 
Studies by Combs (Combs, 1976; Combs and Pesti, 1976) demonstrated that 
enteric absorption of selenite by the chick is affected by dietary 
concentrations of vitamin E, vitamin A, and ascorbic acid, each of these 
being capable of promoting Se absorption when added to the diet at levels 
higher than those normally considered to be required. Se absorption, at 
least in the pig and the sheep, occurs primarily in the lower SI, cecum, 
and colon (Wright and Bell, 1966). 
Transport and Metabolism of Selenium 
Absorbed Se is transported through the body primarily bound to plasma 
proteins. The protein binding of Se has been shown to require an initial 
uptake and metabolism by erythrocytes that reduce Se, probably to HgSe, 
using glutathione (GSH) (McConnell and Cho, 1965; Jenkins and Hidiroglou, 
1972; Gasiewicz and Smith, 1978). Ganther (1966) first showed that Se is 
reductively metabolized by animals. The reductive metabolism of selenite 
occurs via a sequence of reactions commencing with the nonenzymic reaction 
of selenite by (GSH) to form an intermediate consisting of two GSH 
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molecules joined by a S-Se-S linkage. This product has the general formula 
RS-Se-SR, which is thus referred to as "selenotrisulfide" (Ganther, 1968; 
Ganther, 1971). Selenotrifulfides are formed by the reaction of selenite 
with thiols. When GSH is the reacting thiol, the selenotrisulfide reaction 
produces selenodiglutathione (GSSeSG) and oxidized glutathione (GSSG). 
Selenodiglutathione is further reduced by GSH and NADPH to yield HgSe. 
Because of its high toxicity, the hydrogen selenide (H^Se) produced by the 
glutathione reductase pathway undergoes either methylation or is bound to 
proteins in an acid labile form. Methylation pathways are important means 
of H2Se detoxification and the methylated compounds of Se are major forms 
of Se excretion. The release of HgSe by erythrocytes into the plasma is 
associated with its rapid binding to plasma proteins (Jenkins and 
Hidiroglou, 1972; Sandholm, 1974; Sandholm, 1975; Gasiewicz and Smith, 
1978; Porter et a7., 1979) and subsequent transport in the vascular system. 
Almost all of the Se present in plasma occurs in protein-bound form. In 
humans, it is mainly in the VLDL fraction (Burk, 1974) and, in the mouse, 
it is mainly in the albumin fraction (Sandholm, 1974). Only a small 
percentage of the total plasma Se, approximatelly 1.5%, is present as Se-
dependent GSH-Px in humans (Behne and Wolters, 1979). Although Se-
dependent GSH-Px accounts for only 10% of the total selenium content in 
humans, that is not the case in other species. Se-dependent GSH-Px is the 
dominant form of Se in erythrocytes of the sheep, accounting for about 80% 
of the total Se (Oh et al, 1974), and in the rat for 100% of the total Se 
in erythrocytes (Behne and Wolters, 1979). 
Concentrations of Se in tissues depend on the level and chemical form 
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of Ingested Se (National Research Council, NRC, 1983). When animals 
consume Se at near their nutritional requirements (dietary levels of 0.05-
0.20 ppm) the mineral is found at highest concentrations (0.2-2.0 ppm, 
fresh weight basis) in kidney, liver, and other glandular tissues. At very 
low levels of intake (less than 0.05 ppm in the diet), the Se 
concentrations of blood and liver are markedly reduced with those of kidney 
being less affected. At high levels of intake (dietary levels in excess of 
1 ppm) the concentration of Se in liver and kidney may reach several parts 
per million. Tissue Se concentrations are generally greater when the 
mineral has been consumed in organic form. A notable exception to this is 
the Se present in fish meal and tuna which has very poor biological 
availability because of heavy metal complexing. 
Selenium seems to exert its biological effect through selenoproteins. 
Early studies on the biochemical function of selenium focused on its 
relationship with vitamin E, and therefore its role as an antioxidant. The 
discovery that selenium was an essential constituent of glutathione 
peroxidase provided a potential mechanism through which selenium could 
perform its antioxidant role (Rotruck et al., 1973). 
Glutathione peroxidase is the only well-characterized animal 
selenoprotein, but another selenoprotein, called selenoprotein P (for 
plasma) was identified by Herrman (1977) and proved to be physiologically 
distinct from glutathione peroxidase (Burk and Gregory, 1982). Both 
selenoproteins, glutathione peroxidase (Forstrom et a/., 1978) and 
selenoprotein P (Motsenbocker and Tappel, 1982) have been shown to contain 
selenium in the form of selenocysteine. Olson and Palmer (1976) working 
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with rats concluded that selenocysteine is synthesized from selenite and 
subsequently is converted to the sulfoselenide compound. Although, 
selenoprotein P has been postulated to be a transport protein for selenium 
(Motsenbocker and Tappel, 1982) and a defense against oxidant stress (Hill 
et al., 1988), selenium dependent glutathione peroxidase (SeGSH-Px) is the 
only known metabolically functional form of selenium (Litov and Combs, 
1991). 
Glutathione Peroxidase 
Glutathione peroxidase (GSH-Px) activity seems to be composed of two 
enzymic components, at least one of which contains Se as an essential 
constituent (Lawrence and Burk, 1976). The Se-containing component 
catalyzes the reduction of both H2O2 and organic peroxides and the other 
component seems to reduce only organic peroxides. Thus, a Se deficiency 
resulting in lowered total GSH-Px activity might be expected to result in 
tissue damage due to an inability of cells to eliminate low concentrations 
of H2O2 generated by various enzymic activities (Lawrence and Burk, 1976). 
The plasma activity of GSH-Px has been shown to reflect the Se status of 
broiler chickens (Noguchi et a7., 1973; Bunk and Combs, 1981). In a review 
regarding the correlation between Se status and GSH-Px activity. Combs and 
Combs (1984) reported that, in general, plasma GSH-Px activity correlates 
well with total Se in plasma of individuals with marginal or deficient 
rates of Se intake (Thompson et a7., 1977; McKenzie et a/., 1978) but it 
does not correlate in individuals with adequate levels of Se Intake 
(Schrauzer and White, 1978). With respect to such correlation In tissues, 
24 
Combs and Combs (1984) reported that Se-dependent GSH-Px activities in 
tissues vary directly with the level of Se added at low levels to low-Se 
diets. However, the activities of the enzyme in most tissues plateaued at 
dietary Se concentrations of about .10 ppm even though tissue Se content 
continued to increase when dietary levels exceeded .10 ppm (Hafeman et a/., 
1974; Oh et a?., 1976a; Oh et a7 1976b). The disparity between the 
activity of Se-dependent GSH-Px and the content of Se in tissues in animals 
fed diets containing adequate amounts of Se seems to be the result of 
nonspecific incorporation of selenoaminoacids into tissue proteins, which 
becomes quantitatively more significant with increasing Se intake (Combs 
and Combs, 1984). 
Antioxidant Role of Glutathione Peroxidase 
Glutathione peroxidase is an important enzyme in destroying H2O2 and 
organic hydroperoxides such as lipid hydroperoxides (Hoekstra, 1975; Ursini 
and Bindoli, 1987). It, therefore, guards against oxidative damage to the 
cell membranes and other oxidant sensitive sites in the cell. Oxidative 
destruction of significant amounts of polyunsaturated fatty acids in rat 
liver microsomal membranes was observed by May and NcCay (1968a) as a 
result of the oxidation of NADPH, which occurs in normal lipid 
biosynthesis. Moreover, May and McCay (1968b) observed a stoichiometric 
relationship between the amounts of NADPH oxidized, malondialdehyde formed, 
oxygen consumed, and polyunsaturated fatty acids lost. During oxidation of 
NADPH, superoxide anion (Og' ) (Fong et a?., 1973) and hydrogen peroxide 
(HgOg) (Hildebrandt, et al., 1973) are produced. These two substances can 
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react later to form the highly reactive hydroxyl radical(HO). The 
capacity of Og' to reduce HgOg with the resulting formation of hydroxyl 
radicals makes Og' a potentially dangerous factor in living cells which 
are also producing HgOg. If, as it seems, HgOg can penetrate membrane 
structures, then all sources of HgOg in the cell may have the potential to 
initiate free-radical mediated lipid peroxidation upon entering a membrane 
containing enzyme systems that produce Og'. This would make the GSH-Px 
system particularly important in preventing free radical initiation because 
it is very effective scavanger of HgOg (Flohe and Brand, 1969). GSH-Px 
activity does not reduce lipid peroxides in biological membranes to lipid 
alcohols. Rather, it seems that the system prevents lipid peroxidation by 
removing HgOg before it can react with Og* to form HO* (McCay et a7., 
1976; McCay and King, 1980). 
Vitamin E and Glutathione Peroxidase Antioxidant Relationship 
Vitamin E and glutathione peroxidase (GSH-Px) have a close functional 
relationship in the biological antioxidant system. Vitamin E prevents the 
formation of hydroperoxides, particularly the lipid peroxides, by reacting 
with initial free radicals formed in the peroxidative process to yield 
products that are either unreactive or which degrade to nonradical products 
(Dam, 1957; Michael is and Wollman, 1949). 
GSH-Px utilizes reducing equivalents from glutathione (GSH) to reduce 
fatty acid hydroperoxides, preventing these agents from initiating lipid 
peroxidation (Cristophersen, 1968; Chow et al. 1973; Chow and Tappel, 1974; 
Hoekstra, 1975). GSH-Px also catalyzes the reduction of HgOg (Hoekstra, 
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1975; McCay et  a l . ,  1976; McCay and King, 1980). 
Vitamin E and GSH-Px have a complementary role in the prevention of 
membrane damage from free radical lipid peroxidation (Tappel, 1965). 
Vitamin E action is primarily within the cell membrane (Krishnamurthy and 
Bieri, 1962; Lucy, 1972) and that of GSH-Px is associated primarily with 
the aqueous phase of the cytosol and plasma (Noguchi et a7., 1973). 
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PAPER 1. EFFECT OF DIETARY SUNFLOWER MEAL OR FISH MEAL ON THE 
SEVERITY OF STUNTING SYNDROME IN YOUNG TURKEYS 
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ABSTRACT 
A 20-day experiment was conducted to determine the effect of diet in 
alleviating stunting syndrome (SS) in turkeys. Day-old turkeys were 
inoculated with either saline (UI) or a SS-causing inoculum (I), and 
assigned to three diets in a complete factorial arrangement with four 
replications. The diets were: corn-soybean meal (CS), 10% fish meal (FM), 
and 14% sunflower meal (SFM). Stunting syndrome depressed BW (P<.01) 
throughout the experiment and impaired feed efficiency (FE) (P<.05) until 9 
days of age. Inclusion of either FM or SFM in the diet improved BW 
(P<.05), irrespective of SS, up to 9 and 13 days of age, respectively. The 
FM diet improved FE (P<.01), irrespective of SS, from 1 to 5 days of age. 
The SFM diet improved FE (P<.01), irrespective of SS, from 1 to 5 and from 
9 to 13 days of age. Stunting syndrome-infected poults had higher 
concentrations of a-tocopherol (P<.05) in the liver than the control group 
until 13 days of age. This effect was consistent, irrespective of dietary 
treatments, at this early age but was not observed at 17 or 21 days. No 
consistent changes in liver glutathione peroxidase (GSH-Px) activity with 
age were observed. Treatment effects on GSH-Px activity were observed only 
at 13 days of age. In that instance, I poults had lower GSH-Px activity 
than UI poults; and poults fed SFM or CS had greater liver GSH-Px activity 
than poults fed FM. 
{Key words: turkeys, stunting syndrome, sunflower meal, fish meal, a-
tocopherol) 
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INTRODUCTION 
Stunting syndrome (SS) is an infectious enteric disorder that affects 
young poultry (Kouwenhoven et al., 1978). It is characterized by impaired 
growth and feed efficiency (FE), increased mortality, (Bracewell and 
Randall, 1984; Angel, C. R., 1990), histological changes in the small 
intestine (Reece et al., 1984; Bracewell and Randall, 1984; Angel et  a l . ,  
1990b) and pancreas (Reece et a7., 1984), and changes in the activities of 
intestinal mucosa membrane-bound enzymes (Salyi and Szabo, 1985; Angel et 
al., 1990a; Angel et al., 1990b) and pancreatic enzymes (Salyi and Szabo, 
1985). 
Histological studies of the small intestine have revealed small 
blunted villi and dilated crypts of Lieberkuhn (Bracewell and Randall, 
1984; Angel et al., 1990b). Stunting syndrome also decreased the 
activities of the intestinal mucosa membrane-bound enzymes maltase (Salyi 
and Szabo, 1985; Angel et al., 1990a; Angel et al 1990b) and sucrase (Angel 
et al., 1990a; Angel et al., 1990b). These alterations in the small 
intestinal epithelium and the activities of the brush-border enzymes could 
be the explanation for the impairment of the digestive absorptive 
capabilities in the SS-infected poults (Angel et al., 1990b). 
Histological studies of the pancreas have shown several lesions in 
the exocrine tissue of the gland and have consisted of degeneration, 
atrophy, and fibroplasia (Bracewell and Randall, 1984; Reece et al., 1984; 
Martland and Farmer, 1986). A decrease in trypsin and total protease 
activities due to SS-infection of chickens have been reported by Salyi and 
Szabo (1985); however, lipase activity was higher. 
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Either intestinal or pancreatic damages could lead to poor nutrient 
utilization because of maldigestion or malabsorption resulting in the 
characteristic signs observed in the SS-infected chicks or poults: poor 
growth and various nutrient deficiencies. 
Little information is available in the literature comparing the 
digestive and absorptive capabilities of SS-infected (I) and uninfected 
(UI) poultry. Nelson et al. (1982) reported poorer dry matter and ether 
extract digestibility for I poults than for UI poults when they were fed a 
regular broiler diet. In agreement with these data, Lilburn et al. (1982) 
described poor dietary lipid absorption from the gastrointestinal tract and 
Salyi and Szabo (1985) reported lower protein digestibility in SS-infected 
chicks than in healthy chicks. 
Similarly, the information about the use of different ingredients or 
nutrient composition in the diets to reduce the severity of the digestive-
absorptive capabilities caused by SS is scarce. Coinage et al. (1983) 
reported that vitamin E (VE) and Se supplementation of diets fed to SS-
infected chicks reduced the adverse effects of SS on livability and weight 
gain. When reproducing the SS-disease experimentally in chickens, Sinclair 
et al. (1984) observed a marked reduction in plasma glutathione peroxidase 
(GSH-Px) activity. Indicating a lack of Se availability to the animals. 
Low availability of Se to the chicks produced pancreatic degeneration of 
the exocrine pancreas which led to further maldigestion and malabsorption 
because of a deficiency in pancreatic enzymes (Sinclair et al., 1984). 
Salyi and Szabo (1985) reported poor mineral utilization by SS-infected 
chicks. 
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More recently, Angel et  a l .  (1992) evaluated the use of different 
dietary ingredients in assisting poults to withstand the challenge of SS. 
These authors observed that feeding a complex diet containing fish meal and 
sunflower meal as the main protein sources to young poults eliminated or 
ameliorated the adverse effects of moderate SS-infection on performance 
traits as compared with SS effects on poults fed a corn soybean meal diet. 
However, these positive results were not observed in cases of severe 
infection. The objective of the current research work was to determine 
whether feeding diets containing 14% sunflower meal (SFM) or 10% fish meal 
(FM) to poults experimentally infected with SS altered the severity of the 
disease. 
33 
MATERIALS AND METHODS 
Large White Nicholas male turkey poults were obtained from a 
commercial hatchery. Poults were dosed per os at 1 day of age with .5 mL 
of either saline (Uninfected) or a 250-fold dilution of crude SS-causing 
inoculum (Infected), and assigned randomly to six experimental treatments 
which resulted from a complete factorial arrangement of two levels of 
inoculation and three diets. 
The SS inoculum was prepared as described by Piquer et  a l .  (1991). 
Full intestines from 8-day-old, SS-affected turkey poults were blended in 
saline at 4 g of intestine/mL of saline, with a Waring blender at high 
speed for 1 min. This suspension was frozen overnight at -20 C. The 
following day, the homogenate was thawed at room temperature, 1 mL of 
saline/4 g of intestine was added, and the mixture was homogenized again. 
The resulting homogenate was centrifuged at 3,000 x g and at 4 C for 30 
min. The supernatant, of crude inoculum, was removed from the centrifuge 
tubes and diluted 250-fold with saline. 
The three diets were a corn soybean meal diet (CS), a diet containing 
10% fish meal (FN) and a diet containing 14% sunflower meal (SFM). The 
diets were formulated to meet or exceed National Research Council (1984) 
recommended nutrient levels for a turkey starter diet and were isocaloric 
(2,900 kcal MEn/kg) and isonitrogenous (28.5% protein). Diet composition 
is shown in Table 1. 
Each experimental treatment was assigned randomly to four pens with 
26 poults each. Uninfected (UI) and Infected (I) poults were housed in 
separate rooms and maintained under the same environmental conditions. 
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TABLE 1. Ingredient composition of the corn-soybean meal (CS), fish 
meal (FM) and sunflower meal (SFM) diets 
Ingredient CS FN SFM 
(%) 
Corn (7.8 % CP) 42.87 51.17 34.20 
Soybean meal 
(47.2 % CP) 49.45 36.08 41.06 
Menhaden fish meal 
(56.6 % CP) .00 10.00 .00 
Sunflower meal 
(32.4 % protein) .00 .00 14.0 
Animal-vegetable fat 3.01 .00 6.12 
Dicalcium phosphate 2.37 0.94 2.20 
Limestone , 
Vitamin premixi 
1.47 1.04 1.52 
.30 .30 .30 
Mineral premix .30 .30 .30 
DL-methionine (98 %) .23 .17 .18 
L-lysine (78 %) .00 .00 .12 
Supplied per kilogram of diet: vitamin A, 5,000 lU; cholecalciferol, 
1,500 lU; dl-a-tocopheryl acetate, 12 lU; vitamin B,., 11 Ki vitamin K (as 
menadione bisulfite), 1.8 mg; riboflavin, 2.7 mg; d-pantothenic acid, 7 mg; 
niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; d-biotin, 75 ng. 
2 Supplied per kilogram of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 
mg; selenium, .15 mg; sodium chloride, 2.60 g. 
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Traffic of personnel was controlled to prevent contamination of UI poults. 
In each room, poults were allotted to 59 x 69 cm floor pens. Pen 
temperature was 35 C, 32 C and 30 C for the first, second and third week, 
respectively. Feed and water were provided for ad libitum consumption 
through the 21-day experiment. 
Housing of UI and I poults in separate rooms was justified on the 
basis of results obtained by Angel (1990), who conducted four experiments 
to examine room and room by inoculation effects. In two experiments, UI 
and I groups were housed in different rooms, A an B, respectively. In two 
other experiments, UI and I groups were switched and housed in rooms B and 
A, respectively. Statistical analysis showed that the effect of 
inoculation in SS-causing inoculum was consistent, irrespective of room, 
and there was no room by inoculation interaction. 
Feed samples were taken at mixing time and stored at 4 C until 
analyzed for dry matter, ash, fat, protein, tocopherol and selenium 
content. Samples were prepared for analysis by grinding to pass through a 
.5 mm mesh sieve. Dry matter was determined by drying in an oven for 48 
hours at 70 C, ash by using a muffle oven at 600 C for 24 hours, fat by the 
ether extract procedure (Association of Official Analytical Chemists, AGAC, 
1980, section 7.056), and nitrogen by the macro-KJeldahl method (AGAC, 
1980, section 2.057). Protein was calculated by multiplying nitrogen 
percentage by 6.25 (AOAC, 1980, section 14.068). Tocopherol isomers and a-
tocopheryl acetate were extracted from the diet samples with acetone in a 
Soxhlet extractor, evaporated to dryness, redissolved in hexane and then, 
separated and quantified by high performance liquid chromatography (HPLC) 
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(Cort et  a7., 1983). Selenium concentration was determined by wet ashing 
organic Se In the feed, under strong oxidizing conditions with HNO3 and 
HCIO^, to selenlte which, when reacted with aromatic orthodiamines, formed 
piazselenols that were determined fluorimetrical!y in a hexane extract 
(Olson et a7., 1975). The results obtained in our laboratory were 
confirmed by analyses reported by Woodson-Tenent Laboratories, Inc.^ The 
calculated and determined nutrient analyses of the diets are shown in 
Tables 2 and 3, respectively. 
Body weight, feed intake (FI), and FE, calculated as feed to gain 
ratio, were determined at 5, 9, 13, 17, and 21 days of age. Before the 
experiment began, 10 poults were selected for sampling of liver. Livers 
from two poults were pooled (five pooled samples) for base line 
measurements. Subsequently, two poults were selected at random for 
sampling from each pen on each of the weighing days. 
Poults were killed and livers excised, weighed, and frozen in liquid 
nitrogen, then stored in a freezer at -20 C until prepared for analysis. 
Liver samples were thawed at room temperature and homogenized (0.2 to 2 g, 
depending on the age of the poults and the concentration of vitamin E 
expected) in 10 mL (wt:vol) of phosphate (sodium phosphate dibasic)-EDTA-
buffer (pH 7.0). Liver GSH-Px (EC 1.11.1.9.) activity was determined by 
the method of Paglia and Valentine (1967). Liver homogenate (20 uL) was 
added to a substrate solution (2.88 mL) containing glutathione (GSH) and 
NADPH dissolved in phosphate buffer (pH, 7), to which sodium azide (NaN^) 
^Woodson-Tenent Laboratories, Inc. Des Moines, lA 50305. 
TABLE 2. Calculated nutrient composition of the corn-soybean meal (CS), 
fish meal (FM) and sunflower meal (SFM) diets 
Nutrient CS FM SFM 
Dry matter, % 90.76 90.52 91.17 
ME , kcal/kg 
Protein, % 
2,900 2,900 2,900 
28.50 28.50 28.50 
Total sulfur 
amino acids, % 1.05 1.05 1.05 
Methionine, % .65 .68 .63 
Lysine, % 1.61 1.67 1.60 
Calcium, % 1.20 1.20 1.20 
Available 
phosphorus, % .60 .60 .60 
Sodium, % .12 . .16 .13 
Chloride, % .22 .27 .22 
Potassium, % 1.13 .96 1.07 
Selenium, mg/kg .21 .20 .20 
Zinc, mg/kg 71.01 78.45 66.28 
Iron, mg/kg 597.35 449.09 530.81 
Vitamin A, lU/kg 5,030 5,030 5,030 
Vitamin D,, lU/kg 1,500 1,500 1,500 
Vitamin E, lU/kg 16.92 19.04 14.76 
Riboflavin, mg/kg 4.86 5.05 4.95 
Pantothenic 
acid, mg/kg 23.13 22.35 25.71 
Niacin, mg/kg 96.17 100.72 129.20 
Choline, mg/kg 2,015 2,007 2,263 
Linoleic acid, % 2.10 1.28 3.08 
Ether extract, % 4.76 2.88 7.70 
Crude fiber, % 2.87 2.60 4.93 
TABLE 3. Determined nutrient composition of the corn-soybean meal (CS), 
fish meal (FM) and sunflower meal (SFM) diets 
Nutrient CS FM SFM 
Dry matter, % 89.36 89.00 89.74 
Protein, % 26.12 26.17 27.41 
Ether extract, % 4.97 2.67 7.49 
Ash, % 6.67 6.94 6.72 
Vitamin E, lU/kg 22.80 22.10 28.80 
Selenium, mg/kg .53 .53 .54 
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and glutathione reductase (GR) (EC 1.6.4.2.) were previously added. The 
liver homogenate so treated was incubated at 20 C and HgOg (100 /il) added 
as the substrate. The method measures the activity of GSH-Px by means of a 
linked reaction in which the oxidized glutathione (GSSG) is regenerated to 
the reduced form (GSH) enzymatically with GR and NADPH. Reaction rates are 
determined by measuring the decrease of NADPH concentration 
spectrophotometrically at 340 nm. " The blank" oxidation rate of NADPH is 
registered by using water instead of sample. A unit of GSH-Px activity was 
defined as the amount of enzyme that would convert 1 /imol of NADPH/min to 
NADP at pH 7 and 20 C. Liver a-tocopherol concentrations were determined 
on the same liver homogenates using the method described by Cort et a l .  
(1983). Liver homogenate (2 mL) was deproteinized with absolute ethanol (3 
mL), a-tocopherol was extracted with hexane (1 mL) and determined by high 
performance liquid chromatography (HPLC) with fluorescence retention at 294 
nm excitation wavelength and 323 nm emission wavelength. The mobile phase 
was 3.5% tetrahydrofuran (vol/vol) in hexane with a flow rate of 2.0 
mL/min. The sample, extracted in hexane, was injected directly into the 
HPLC. Alpha-tocopherol was identified and quantitated by the comparison of 
retention time and peak areas with tocopherol standards. 
Statistical analysis within each age was performed according to the 
General Linear Models (GLM) procedure of SAS (SAS Institute, 1985) to 
determine main effects of Inoculation and Diet, and the interactions 
between these two factors. Two single degree of freedom, non-orthogonal 
contrasts were used to compare CS with FM and CS with SFM diets when a 
significant main effect of diet (P<.05) was observed. 
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RESULTS 
One-day-old turkey poults inoculated with a 250-fold dilution of SS-
causing inoculum had significantly lower BW (P<.01) than poults given 
saline solution throughout the 21-day experiment (Table 4). Main effect 
means showed that the magnitudes of these reductions were 21 and 30% at 5 
and 9 days of age, respectively, 23% at 13 and 17 days, and 17% at 21 days 
of age. 
A diet effect on BW was observed from 5 to 13 days of age (P<.05). 
Non-orthogonal contrasts showed that, at 5 days of age, poults fed FM or 
SFM were heavier (P<.01) than poults fed CS. At 9 and 13 days, only poults 
fed SFM were heavier (P<.01) than those fed CS. No diet effects (P>.05) on 
BW were observed at 17 or 21 days. A significant I by D interaction 
(P<.01) at 5 days of age showed that the effect of diet was different for 
the I and UI poults. At this time, I poults fed FM were heaviest but, in 
the instance of UI poults, those fed SFM were the heaviest. 
Stunting syndrome depressed FI at all ages (P<.01) with the largest 
reduction (36%) observed from 1 to 5 days of age (Table 5). A significant 
diet effect on FI was observed from 1 to 5 days of age (P<.01). In that 
instance, poults fed SFM consumed more than poults fed CS (non-orthogonal 
contrast "CS vs. SFM", P<.01) and poults fed FM consumed more than poults 
fed CS (non-orthogonal contrast "CS vs. FM, P<.06). However, a significant 
I by D interaction (P<.01) indicated that SFM improved FI of UI poults but 
did not improve FI of I poults. No diet effect (P>.OS) was observed for 
the rest of the experimental period. 
Stunting syndrome impaired FE from 1 to 9 days (P<.05) and from 13 to 
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TABLE 4. Body weight of stunting syndrome-infected (I) and uninfected 
(UI) poults fed a corn-soybean meal (CS), fish meal (FM), 
or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 5 9 13 17 21 
(g/poult) 
I' CS 59.9 81.8 117.3 179.6 267.8 383.3 
I FM 60.3 88.7 124.8 179.5 272.0 391.1 
I m SFM 59.1 85.2 121.5 192.7 280.7 403.7 
NI^ CS 59.7 102.6 168.8 235.7 348.7 476.6 
NI FM 60.0 107.2 172.2 229.6 343.5 460.7 
NI SFM 59.8 112.4 181.1 255.1 367.7 488.5 
SEMp .4 1.1 3.0 5.7 8.7 10.7 
Source of 
varl atlon Probabi 11 ty 
Infection 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
( I )  .001 .001 .001 .001 .001 
.001 .044 .007 .130 .162 
.001 .093 .598 , — — — • ~ ~ 
.001 .015 .010 • ~ ~ ~ • ~ ~ " 
.003 .152 .572 .674 .542 
^Dosed per os at 1 day of age with .5 ml of a 250-fold dilution of 
Inoculum prepared form Intestines of SS-Infected poults. 
'Dosed per os at 1 day of age with .5 mL of saline. 
O 
Standard error of the means. Means of four pens per treatment. 
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TABLE 5. Feed intake of stunting syndrome-infected (I) and uninfected (UI) 
poults fed a corn-soybean meal (CS), fish meal (FM), 
or sunflower meal (SFM) diet 
Infec­
tion Diet 1-5 5-9 
Days of age 
9-13 13-17 17-21 1-21 
ll CS 
I FM 
I, SFM 
NI^ CS 
NI FM 
NI SFM 
SEMp 
-(g/poult daily)-
Source of 
variation 
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
6.4 14.5 27.1 36.2 47.9 26.4 
7.2 13.6 26.6 37.1 49.1 26.7 
7.0 15.1 28.6 38.3 50.0 27.8 
10.2 21.3 29.8 43,7 56.8 32.4 
10.2 21.1 29.2 43.1 54.7 31.7 
11.6 22.8 31.0 45.5 54.9 33.1 
.2 1.3 .9 1.2 1.5 .7 
.001 
.001 
.062 
.001 
.003 
001 
460 
943 
-Probability-
003 
153 
987 
001 
199 
791 
001 
933 
367 
001 
205 
793 
^Dosed per os at 1 day of age with .5 ml of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
O 
Dosed per os at 1 day of age with .5 ml of saline. 
Standard error of the means. Means of four pens per treatment. 
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17 days of age (P<.01) with no statistically significant differences 
observed for the period between 9 and 13 days (P>.05) (Table 6). However, 
a significantly better FE for I poults was observed from 17 to 21 days of 
age (P<.01). Overall, the UI group of poults had better FE. 
A diet effect on FE was observed for the age periods 1 to 5, 9 to 13 
and 13 to 17 (P<.01); however, the effects of diets on FE were not 
consistent. From 1 to 5 days of age, poults fed either FM or SFM had 
better FE than poults fed CS as indicated by the non-orthogonal contrasts 
"CS vs. FM", P<.01; "CS vs. SFM", P<.01. Poults fed FM or SFM had better 
FE than poults fed CS from 9 to 13 days of age (non-orthogonal contrasts 
"FM vs. SFM", P<.01; "CS vs. SFM", P<.05). In contrast, poults fed SFM had 
the worst FE from 13 to 17 days (non-orthogonal contrast "CS vs. SFM", 
P<.01). 
Liver weights of I poults were lighter than those of UI poults 
throughout the entire 21-day experiment (P<.01) (Table 7). A diet effect 
on liver weight was observed at 5 and 9 days of age (P<.05) (Table 7). At 
this time, poults fed SFM had heavier livers than poults fed CS (non-
orthogonal contrast "CS vs. SFM", P<.05) or FM. 
Liver weights, as a percentage of BW, were greater for the I poults 
at 9, 17 and 21 days of age (P<.05) (Table 8). These results indicate that 
the development of the liver was less affected by the disease than that of 
the whole body. No diet effect was observed when liver weight was 
expressed relative to BW (P<.05}. 
The concentrations of liver a-tocopherol and the effects of diet and 
SS infection varied with the age of the poults. Livers of 1-day-old poults 
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TABLE 6. Feed efficiency (feed/gain) of stunting syndrome-infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS), fish meal (FM), 
or sunflower meal (SFM) diet 
Infec­
tion Diet 1-5 
Days of age 
5-9 9-13 13-17 17-21 1-21 
Source of 
variation 
Infection 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
( I )  
(9/9)' 
I^  CS 1.18 1.66 1.73 1.63 1.65 1.63 
I FM 1.02 1.50 1.93 1.61 1.65 1.61 
I p SFM 1.07 1.66 1.59 1.73 1.66 1.62 
Nr CS .95 1.29 1.78 1.53 1.74 1.54 
NI FM .86 1.30 2.06 1.49 1.80 1.56 
NI SFM .88 1.33 1.67 1.61 1.79 1.54 
SEM^  .024 .137 .061 .028 .035 .021 
.001 
.001 
.001 
.002 
.392 
015 
762 
811 
-Probability-
.098 
.001 
.001 
.053 
.826 
.001 
.001 
.279 
.006 
.939 
001 
700 
691 
001 
878 
749 
Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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TABLE 7. Liver weight of stunting syndrome-infected (I) and uninfected 
(UI) poults fed a corn-soybean meal (CS), fish meal (FM), 
or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 5 9 13 17 21 
(g/poult) 
I^ CS 1.76 2.87 4.06 6.03 7.77 10.11 
I FM 1.76 3.19 4.18 5.85 7.53 10.53 
I p SFM 1.76 3.62 4.63 6.74 7.61 11.44 
NI^ CS 1.76 4.03 5.08 7.32 9.43 12.59 
NI FM 1.76 3.91 5.27 7.56 10.10 12.50 
NI SFM 1.76 4.20 5.89 8.62 10.60 12.84 
SEMp .17 .27 .45 .64 .57 
Source of 
variation Probability 
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
.001 
.036 
.578 
.015 
.240 
001 
053 
899 
001 
065 
794 
001 
730 
578 
Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
001 
361 
644 
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TABLE 8. Liver weight as a percentage of body weight of stunting 
syndrome-Infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS), fish meal (FM), or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 S 9 13 17 21 
1 (%)-
r CS 3.07 3.90 3.49 3.43 3.01 2.84 
I FM 3.07 3.65 3.25 3.44 2.86 2.81 
I y SFM 3.07 4.21 3.67 3.54 3.02 2.79 
NI^ CS 3.07 3.95 3.11 3.16 2.62 2.63 
NI FM 3.07 3.71 3.12 3.26 2.75 2.62 
NI SFM 3.07 3.83 3.24 3.48 2.82 2.54 
SEMp .18 .13 .13 .12 .10 
Source of 
variation 
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
567 
164 
395 
-Probability-
009 
164 
497 
117 
296 
752 
028 
537 
511 
013 
774 
942 
Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
Inoculum prepared form intestines of SS-Infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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contained 28.7 nq of a-tocopherol/g for a total of 50.6 pg/liver (Tables 9 
and 10). The concentration of a-tocopherol in livers of 5-day-old poults 
generally decreased for I and UI poults. However, the decrease was marked 
in the case of UI poults but slight in I poults, as compared with 1 day of 
age. In contrast, total a-tocopherol in livers of 5-day-old poults 
Increased, irrespective of inoculation treatments. The concentrations and 
amounts of liver a-tocopherol decreased markedly by 9 days of age and 
continued to decrease through 13 days of age for the UI and I poults, 
respectively. No further changes in liver a-tocopherol concentrations were 
observed for either the I or UI groups of poults. 
Poults infected with SS had significantly greater concentrations of 
liver a-tocopherol than UI poults at 5, 9, and 13 days of age (P<.05) 
(Table 9). This effect was consistent, irrespective of dietary treatments 
at these early age, but was not observed at 17 or 21 days. 
A diet effect on concentration of liver a-tocopherol was observed at 
only 17 days of age (P<.01). In that instance, poults fed CS had the 
lowest concentration of a-tocopherol in their livers (non-orthogonal 
contrasts "CS vs. FM", P< 01; "CS vs. SFM", P<.06). 
The effects of SS and diet on total liver a-tocopherol were 
inconsistent among ages of poults. Stunting syndrome-infected poults had 
more (P<.05) total liver a-tocopherol than UI poults at 5 days of age 
(P<.05) (Table 10). In contrast, total liver a-tocopherol of I poults was 
less (P<.01) at day 17. A diet effect (P<.01) was observed only at 17 days 
of age, whereby poults fed FM or SFM had more total liver a-tocopherol than 
poults fed CS. 
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TABLE 9. Liver a-tocopherol concentration of stunting syndrome-infected 
(I) and uninfected (UI) poults fed a corn-soybean meal (CS), fish meal 
(FM), or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 5 9 13 17 21 
pg/g* 
ll CS 
I FM 
I ; SFM 
NI^ CS 
NI FM 
NI SFM 
SEM^ 
28.7 28.4 3.1 .4 .1 .2 
28.7 20.2 2.2 .3 .3 .3 
28.7 22.3 2.4 .3 .2 .3 
28.7 16.6 2.0 .2 .2 .2 
28.7 9.9 .6 .2 .2 .2 
28.7 13.1 .9 .2 .2 .2 
3.29 .86 .06 .03 .04 
Source of 
variation Probability-
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
001 
098 
923 
059 
419 
946 
012 
720 
510 
.278 
.009 
.002 
.065 
.256 
160 
705 
715 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
P Dosed per os at 1 day of age with .5 mL of saline. 
3 Standard error of the means. Means of four pens per treatment. 
*Liver a-tocopherol expressed as micrograms per gram of wet tissue. 
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TABLE 10. Total liver a-tocopherol of stunting syndrome-Infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS), fish meal (FM), 
or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 5 9 13 17 21 
r CS 50.6 82.3 12.2 2.4 .9 2.5 
I FM 50.6 65.8 9.2 1.7 2.1 2.8 
I « SFM 50.6 81.3 10.6 2.4 1.5 3.5 
NI^ CS 50.6 66.7 9.5 1.5 1.8 2.8 
NI FM 50.6 39.0 3.0 1.7 2.5 2.7 
NI SFM 50.6 54.6 5.4 2.1 2.4 2.8 
SEM^ 12.5 3.4 .4 .3 .5 
Source of 
vari ati on Probabi 11 ty 
Infection 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
( I )  036 
219 
875 
106 
398 
876 
184 
434 
470 
.004 
.009 
.003 
.033 
.614 
717 
505 
600 
^Dosed per os at 1 day of age with .5 ml of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
O 
Dosed per os at 1 day of age, with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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No consistent changes in liver GSH-Px activity (units per gram of 
liver) with age were observed in the current experiment. Treatments 
effects were observed only at 13 days of age. In that instance, I poults 
had significantly less (P<.05) liver GSH-Px activity (units per gram of 
liver) than UI poults (Table 11) and poults fed SFM or CS had greater liver 
GSH-Px activity than poults fed FM (non-orthogonal contrast "CS vs. FM", 
P<.05). Total liver GSH-Px activity increased with age, especially from 17 
to 21 days, irrespective of treatments. 
When expressing the activity of the enzyme as total liver GSH-Px, UI 
poults had more total enzyme activity than I poults at all ages except at 9 
days of age (P<.01) (Table 12). The differences in enzyme activity between 
the two groups of poults (I and UI) were increased when expressed in total 
units of liver GSH-Px activity because of the heavier liver weight of the 
UI poults. 
A significant diet effect on total liver GSH-Px activity was observed 
at only 13 days of age (P<.01). At that time, poults fed SFM had greater 
total liver GSH-Px activity than poults fed CS (non-orthogonal contrast "CS 
vs. SFM", P<.01) or FM. 
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TABLE 11. Liver glutathione peroxidase activity of stunting syndrome-
infected (I) and uninfected (UI) poults fed a corn-soybean meal (CS), fish 
meal (FM), or sunflower meal (SFM) diet 
Infec­
tion Diet 
Days of age 
13 17 21 
1 I 
I 
I 
NI 
NI 
NI 
CS 
FM 
SFM 
CS 
FM 
SFM 
9.14 
9.14 
9.14 
9.14 
9.14 
9.14 
9.06 
8.80 
8.71 
8.33 
7.99 
8.63 
-units/g^ 
8.66 
9.56 
9.07 
8.81 
7.31 
8.68 
7.69 
6.90 
8.46 
8.83 
7.61 
9.14 
7.57 
7.22 
7.17 
8.06 
7.58 
8.33 
10.06 
9.93 
10.26 
10.18 
9.48 
9.62 
SEM' 
Source of 
variation 
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
.46 .69 .46 
Probabi1i ty 
.70 .41 
167 
766 
683 
156 
812 
216 
.038 
.011 
.042 
.259 
.858 
253 
818 
830 
344 
611 
633 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
O 
Standard error of the means. Means of four pens per treatment. 
*Liver gluathione peroxidase activity expressed as units per gram of wet 
tissue. One unit of activity was defined as the amount of enzyme that will 
convert 1 (mo^ of NADPH/min at pH 7.0 and 20 C. 
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TABLE 12. Total liver glutathione peroxidase activity of stuntlng-
syndrome-Infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS), fish meal (FM), or sunflower meal (SFM) diet 
Days of age 
Infec­
tion Diet 1 5 9 13 17 21 
ll CS 
I FM 
I J, SFM 
NI^ CS 
NI FM 
NI SFM 
SEMp 
-units 
16.1 25.9 34.9 46.2 58.0 101.7 
16.1 27.9 40.3 40.3 55.3 104.0 
16.1 31.7 42.0 56.9 53.6 117.4 
16.1 33.7 44.4 64.3 76.2 127.3 
16.1 30.9 38.6 57.4 76.2 118.5 
16.1 36.2 50.9 79.1 87.1 123.8 
2.0 3.6 4.7 6.4 6.7 
Source of 
variation Probablllty-
007 
071 
080 
118 
505 248 
.001 
.002 
.186 
.014 
.848 
001 
765 
464 
Oil 
380 
373 
Infection (I) 
Diet (D) 
CS vs. FM 
CS vs. SFM 
I X D 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-Infected poults. 
2 Dosed per os at 1 day of age with .5 mL of saline. 
3 
standard error of the means. Means of four pens per treatment. 
*Total liver gluathione peroxidase activity expressed in units. One unit 
of activity was defined as the amount of enzyme that will convert 1 |mo^ of 
NADPH/min at pH 7.0 and 20 C. 
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DISCUSSION 
Stunting syndrome Inoculation reduced BU of the poults throughout the 
21-day experiment. The magnitude of the reductions were 21 and 30% at 5 and 
9 days of age, respectively, 23% at 13 and 17 days, and 17% at 21 days of 
age. These reductions In BW and for the same period agree with those 
reported by Piquer et al. (1991) when using the same dilution of the SS- . 
causing Inoculum. The maximun depression In BW due to the Infection 
occurred at 9 days of age, which agrees with data reported by Al-Batshan et 
a7.(1992), although, in this Instance, the magnitude of the depression was 
less due to a lower concentration of the SS-causing Inoculum used to 
inflict the disease. 
A diet effect on BW was observed from 5 to 13 days of age. In all 
instances poults fed the 14 % sunflower meal diet (SFM) were heavier than 
those fed the 10% fish meal diet (FM) or corn-soybean meal diet (CS). 
These data are comparable with those reported by Angel e t  a l .  (1992) with 
respect to the beneficial effect on BW of I poults fed a diet containing 
sunflower meal. Similar to what occurred in the current experiment, these 
authors observed an Increase in the BW of I poults fed a complex diet that 
contained 19% sunflower meal compared to the BW of I poults fed a corn-
soybean meal diet. However, their data disagree with respect to the effect 
of feeding a sunflower meal containing diet to UI poults. Contrary to what 
was observed in the current experiment, these authors did not report a 
beneficial effect on BW of UI poults as a result of the addition of 
sunflower meal to the diets. 
Stunting syndrome depressed PI at all ages with the largest reduction 
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(36%) observed from 1 to 5 days of age. These data agree with the 
reduction of 32% reported by Piquer et ah (1991) for similar age period 
and with the same SS-caus1ng Inoculum concentration. However, the 
depression In FI reported by Angel et al. (1992) was less (16%) than that 
observed In the current experiment for a similar age period. 
Stunting syndrome Impaired FE from 1 to 9 days and from 13 to 17 days 
of age with no differences observed for the period between 9 and 13 days. 
However, a better FE for I poults was observed from 17 to 21 days of age. 
The variations in FE with the age of the poults observed in the current 
experiment followed similar patterns as those described by Piquer et a l .  
(1991) and Al Batshan et a7.(1992), as well as with those reported by Angel 
et al. (1992) for the CS-fed I poults. 
Contrary to what was observed by Angel et a l .  (1992), who reported 
that I poults fed a complex diet containing 18% sunflower meal were as 
efficient as UI poults fed a corn soybean meal diet in converting feed to 
gain from 1 to 8 days of age, no consistent diet effect on FE was observed 
for a similar age period in the current experiment. 
No information about the effect of SS on liver weight of poultry is 
available in the literature. In the current experiment, SS consistently 
decreased liver weight of I poults, compared with that of UI poults 
throughout the 21-day experiment. These results were probably the 
consequence of the smaller body size of the I poults because when liver 
weights were expressed as a percentage of BU, the I poults had greater 
liver weights at most ages. These results indicate that the development of 
the liver was less affected by the disease than that of the whole body. 
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A diet effect on liver weight was observed at 5 and 9 days of age. 
In those instances, poults fed SFM had heavier livers than poults fed CS or 
FM; however, no diet effect was observed when liver weight was expressed 
relative to BW. 
The concentrations of liver a-tocopherol and the effects of diet and 
SS infection varied with the age of the poults. Livers of 1-day-old poults 
contained 28.7 fig of a-tocopherol/g for a total of 50.6 pg/liver. The 
concentration of a-tocopherol in livers of 5-day-old poults generally 
decreased for I and UI poults as compared with I day of age. However, the 
magnitude of the decrease was different for each case. The decrease was 
slight in I poults but marked in UI poults. The explanation for these 
results is the combination between the magnitude of the decrease in liver 
a-tocopherol concentrations for each group of poults and the actual 
concentration of a-tocopherol in their livers. On one hand, I poults 
suffered a slight decrease in a-tocopherol concentration but they had 
lighter livers. On the other hand, UI poults suffered a marked decrease in 
a-tocopherol concentration but that was compensated by the heavier weight 
of their livers. Amounts of liver a-tocopherol decreased markedly by 9 
days of age and continued to decrease through 13 days of age. No further 
changes in liver a-tocopherol concentrations were observed afterwards. 
These age-related changes in liver a-tocopherol generally agree with 
previous reports by Soto-Salanova (1991) in young turkeys and Dudin and 
Dvinskaya (1983) and Mezes (1988) in chickens. 
Dudin and Dvinskaya (1983), detected a decrease in the absorption of 
a-tocopherol during the first 5 days of life along with an increase in the 
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oxidation of a-tocopherol to a-tocophery1 quinone In tissues. When the 
chicks were 10 days-old, the oxidation process had decreased, and, by 20 
days, absorption of the vitamin had Increased. Mezes (1988) stated that in 
chickens, the early postnatal development (up to 6 days of age ) caused a 
decrease in liver and plasma a-tocopherol content, which remained at the 
same low level up to 35 days of age. Despite the low values of a-
tocopherol detected in liver and plasma of the poults, characteristic signs 
of VE defficiency were not detected in the current experiment. Evidently 
the a-tocopherol was being utilized in the body, so the animal had enough 
to meet the requirements but not enough to build up storage in the liver. 
In the current experiment, poults Infected with SS had significantly 
greater concentrations of liver a-tocopherol than UI poults at early ages 
but this effect disappeared later on. This transitory increase in liver a-
tocopherol concentration could be explained by a transitory lipoprotein 
deficiency such as the one that has been described in newborn infants 
(Desai et a?., 1984) These authors pointed out that the newborn is 
transiently deficient in a-tocopherol due to the lack of prebeta- (VLDL) 
and beta- (LDL) lipoproteins, especially VLDL, which is secreted by the 
liver and delivers a-tocopherol from that organ to other tissues. This 
phenomenum could be the explanation for the low levels of a-tocopherol in 
the plasma of young poults described by Soto-Salanova (1991). This 
condition would be exacerbated in the case of I poults because of lack of 
absorption of proteins, for synthesis of lipoproteins, and their derivation 
for synthesis of immunoproteins caused by the SS-infection. 
Treatments effects on GSH-Px were observed only at 13 days of age. 
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In that Instance, I poults had lower liver GSH-Px activity (units per gram 
of liver) than UI poults. Poults fed SFM or CS had greater liver GSH-Px 
activity than poults fed FM which could be an indication of a higher Se 
bioavailability in SFM and CS than in FM, at least at this point. These 
data are in agreement with the concept that Se present in fish meal and 
tuna has very poor biological availability because of heavy metal 
complexing (NRC, 1983). 
When expressing the activity of the enzyme as total liver GSH-Px, UI 
poults had more total enzyme activity than I poults at all ages except at 9 
days of age when maximun infection occurred. The differences in enzyme 
activity between the two groups of poults (I and UI) were increased when 
expressed in total units of liver GSH-Px activity because of the heavier 
liver weight of the UI poults. 
A significant diet effect on total liver GSH-Px activity was observed 
at only 13 days of age. At that time, poults fed SFM had greater total 
liver GSH-Px activity than poults fed CS or FM. The explanation for these 
results would be a greater bioavailability of Se in SFM, and the larger 
liver weights of the poults fed SFM compared to those of poults fed CS or 
FM. Several authors have indicated a close relationship between the 
activity of GSH-Px and the biological availability of Se (Chow and Tappel, 
1974; Hoekstra, 1975) and more recently, Litov and Combs (1991) recognized 
the activity of Se dependent GSH-Px as the best indicator of Se 
bioavailability. 
Including 10% fish meal or 14 % sunflower meal in the diet of I 
poults helped the birds to partially overcome the severity of SS at early 
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age, increasing their BW and improving their FE, as compared with the I 
poults fed soybean meal as the only protein supplement. Moreover, the 
inclusion of fish meal or sunflower meal in the diet of UI poults increased 
their BW and improved their FE as well, as compared with the UI poults fed 
only soybean meal as a protein source. 
These results indicate that the substitution of a small percentage of 
soybean meal, as the only protein supplement in the diet of young poults, 
by fish meal or sunflower meal, would help the young poult to a good start 
in terms of BW and FE and consequently beneficial in economic terms. 
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ABSTRACT 
An experiment was conducted to determine whether feeding a corn-
soybean meal (CS) or a 14% sunflower meal (SFM) diet, each supplemented 
with either 12 lU (LE) or 800 lU (HE) of vitamin E (VE)/kg of diet to 
uninfected (UI) and SS-infected (I) poults had an effect on liver and 
plasma concentrations of a-tocopherol after hatch and in alleviating 
stunting syndrome (SS). Day-old turkeys were inoculated per os with either 
saline (UI) or SS-causing inoculum (I) and assigned to the four diets in a 
complete factorial arrangement. Stunting syndrome depressed (P<.01) BW 
throughout the experiment and impaired (P<.01) feed efficiency (FE) until 9 
days of age. No diet effect (P>.05) was observed on BW, however, SFM-fed 
poults had better (P<.05) FE than CS-fed poults from 9 to 13 days of age. 
HE improved (P<.05) BW of poults from 9 to 21 days of age. HE did not 
improve FE at any of the age periods. Liver a-tocopherol decreased with 
age attaining the minimum levels by 9 days of age. Stunting syndrome did 
not affect (P>.05) liver a-tocopherol but decreased (P<.05) plasma a-
tocopherol at 9 and 21 days of age. No diet effect (P>.05) on liver a-
tocopherol concentration was observed, except at 17 days of age. In that 
instance, CS-fed poults had greater (P<.01) concentrations of liver a-
tocopherol than SFM-fed poults. Plasma a-tocopherol concentration, 
however, was not affected (P>.05) by diet at any age. Poults fed the HE 
diets had greater (P<.01) concentrations of liver and plasma a-tocopherol 
from 5 days of age an onward. Supplementation with 800 lU of VE/kg of diet 
increased (P<.01) the concentration of a-tocopherol in the very low density 
lipoprotein (VLDL) and low density lipoprotein (LDL) from 5 days and that 
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of the high density lipoprotein (HDL) from 9 days until the end of the 21-
day experiment. These effects were consistent, irrespective of inoculation 
level or diet, alleviating the usual early posthatching reduction in plasma 
and liver a-tocopherol observed when 12 lU of VE were supplemented. 
{Key words: turkeys, stunting syndrome, vitamin E, sunflower meal, a-
tocopherol) 
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INTRODUCTION 
Stunting syndrome (SS) Is an Infectious enteric disorder that affects 
young poultry (Kouwenhoven et a7., 1978). It is characterized by impaired 
growth and feed efficiency (FE) (Bracewell and Randall, 1984; Angel e t  a l . ,  
1990a; Angel et a7., 1990b), histological changes in the small intestine 
(Reece et a7., 1984; Bracewell and Randall, 1984; Angel et a7., 1990b) and 
pancreas (Reece et al., 1984), and changes in the activities of intestinal 
mucosa membrane-bound enzymes (Salyi and Szabo, 1985; Angel et al., 1990a; 
Angel et al., 1990b) and pancreatic enzymes (Salyi and Szabo, 1985). 
Sections of the small intestine have occasionally revealed small 
blunted villi and dilated crypts of Lieberkuhn (Bracewell and Randall, 
1984; Angel et al., 1990b). Angel et al. (1990a, 1990b) also observed a 
decrease in the activities of the intestinal mucosa membrane-bound enzymes 
maltase and sucrase. These alterations in the small intestinal epithelium 
and the activities of the enzymes bound to it possibly impaired the 
digestive absorptive capabilities of the SS-infected poults (Angel et a l . ,  
1990b). The lesions observed in the pancreas have been confined to the 
exocrine tissue and have consisted of degeneration, atrophy and fibroplasia 
(Bracewell and Randall, 1984; Reece et al., 1984; Martland and Farmer, 
1986) and, in many instances, resemble those observed in experimental Se 
deficiency in the chick (Gries and Scott, 1972). Moreover, Colnago et a l .  
(1983) reported a field outbreak of SS to be responsive to both vitamin E 
(VE) and Se supplementation. The authors attributed the problem to a lack 
of Se absorption due to the enteritis caused by the infectious organism 
rather than to a dietary Se deficiency. When reproducing the SS-disease 
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experimentally In chickens, Sinclair et a7. (1984) observed a marked 
reduction In plasma glutathione peroxidase (GSH-Px) activity, indicating a 
lack of Se availability to the animals. The low availability of Se to the 
chicks produces degeneration of the exocrine pancreas which leads to 
further malabsorption because of a deficiency of pancreatic enzymes 
(Sinclair et al., 1984). 
Either intestinal or pancreatic damage could lead to poor nutrient 
utilization because of maldigestion or malabsorption causing the signs seen 
in SS-infected (I) chicks or poults: poor growth and various nutrient 
deficiencies. 
There are nutrients, that play an essential role in the defensive 
mechanisms of the body against Infectious diseases (Bendich, 1988; Ursini 
and Bindoli, 1987) mainly because of the prevention of lipid peroxidation 
(Tengerdy, 1990). Vitamin E and Se are two examples. If this were the 
case for the I poults, the requirements of these nutrients would increase 
and could become limiting growth factors. Consequently, additional 
supplementation of VE to diets fed to I poults could be beneficial. 
The objective of the current research work was to determine whether 
feeding a corn-soybean meal (CS) or a 14% sunflower meal (SFM) containing 
diet, each supplemented with either 12 lU or 800 lU of VE, to uninfected 
and experimentally SS-infected poults had an effect on posthatching liver 
and plasma a-tocopherol status and in altering the severity of the disease. 
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MATERIALS AND METHODS 
Nicholas Large White, 1-day-old, male turkey poults obtained from a. 
commercial hatchery were assigned randomly to eight experimental treatments 
according to a complete factorial arrangement of two types of inoculation, 
two diets, and two dietary concentrations of VE. 
Poults were dosed per os at 1 day of age with either .5 mL of saline 
(UI) or .5 mL of a 250-fold dilution of crude SS-causing inoculum (I). The 
SS inoculum was prepared as described by Piquer et al. (1991). Full 
intestines from 8-day-old, SS-affected turkey poults were blended in saline 
at 4 g of intestine/mL of saline, with a Waring blender at high speed for 1 
min. This suspension was frozen overnight at -20 C. The following day, 
the homogenate was thawed at room temperature, 1 mL of saline/4 g of 
intestine was added and the mixture was homogenized again. The resulting 
homogenate was centrifuged at 3,000 x g and at 4 C for 30 min. The 
supernatant, or crude inoculum, was removed from the centrifuge tubes and 
diluted 250-fold with saline. 
The two diets were a corn soybean meal diet (CS) and a diet 
containing 14% sunflower meal (SFM), each supplemented with 12 lU (LE) or 
800 lU of VE (HE). The diets were formulated to meet or exceed National 
Research Council (1984) recommended nutrient levels for a starter turkey 
diet, and were isocaloric (2,900 kcal MEn/kg) and isonitrogenous (28.5% 
protein). Composition of the diets is shown in Table 1. 
Each experimental treatment was assigned randomly to four pens with 
25 poults each. Uninfected (UI) and Infected (I) poults were housed in 
separate rooms and maintained under the same environmental conditions. 
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TABLE 1. Ingredient composition of the corn-soybean meal (CS) and 
sunflower meal (SFM) diets with high (HE) or low (LE) vitamin E 
CS SFM 
Ingredient LE HE LE HE 
Corn (7.6 % CP) 37.24 
Soybean meal 
(47.2 % CP) 54.22 
Sunflower meal 
(32.4 % CP) .00 
Animal-vegetable fat 3.94 
Dicalcium phosphate 2.34 
Limestone _ 1.46 
Vitamin premixZ .30 
Mineral premix .30 
DL-methionine (98 %) .20 
L-lysine (78 %) .00 
Special vitamin E 
premix .00 
-(%)• 
35.72 28.55 25.33 
45.30 45.30 39.23 
.00 14.00 14.00 
3.50 7.05 7.07 
2.34 2.17 2.15 
1.45 1.51 1.50 
.30 .30 .30 
.30 .30 .30 
.19 .15 .12 
.90 .07 .00 
10.00 .00 10.00 
^LE and HE diets were supplemented with 12 lU or 800 lU of VE as dl-a-
tocopheryl acetate/kg. 
^Supplied per kilogram of diet: vitamin A, 5,000 lU; cholecalciferol, 
1,500 lU; dl-a-tocopheryl acetate, 12 lU; vitamin B,., H Mg; vitamin K (as 
menadione bisulfite), 1.8 mg; riboflavin, 2.7 mg; d-pantothenic acid, 7 mg; 
niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; d-biotin, 75 /xg. 
Supplied per kilogram of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 
mg; selenium, .15 mg; sodium chloride, 2.60 g. 
Supplied per kilogram of diet: vitamin E, 788 lU. 
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Traffic of personnel was controlled to prevent contamination of UI poults. 
In each room, poults were allotted to 59 x 69 cm floor pens. Pen 
temperature was 35 C, 32 C, and 30 C, for the first, second and third week, 
respectively. Feed and water were provided for ad libitum consumption 
through the 21-day experiment. 
Housing of UI and I poults In separate rooms was justified on the 
basis of results obtained by Angel (1990), who conducted four experiments 
to examine room and room by inoculation effects. In two experiments, UI 
and I groups were housed in different rooms, A an B, respectively. In the 
other two experiments, UI and I groups were switched and housed in rooms B 
and A, respectively. Statistical analysis showed that the effect of 
Inoculation with SS-causing inoculum was consistent, irrespective of room, 
and there was no room by inoculation interaction. 
Feed samples were taken at mixing time and stored at 4 C until 
analyzed for dry matter, ash, fat, protein, tocopherol and selenium 
content. Samples were prepared for analysis by grinding to pass through a 
.5 mm mesh sieve. Dry matter was determined by drying in an oven for 48 
hours at 70 C, ash by using a muffle oven at 600 C for 24 hours, fat by the 
ether extract procedure (Association of Official Analytical Chemists, AGAC, 
1980, section 7.056), and nitrogen by the macro-Kjeldahl method (AGAC, 
1980, section 2.057). Protein was calculated by multiplying nitrogen 
percentage by 6.25 (AGAC, 1980, section 14.068). Tocopherol isomers and a-
tocopheryl acetate were extracted with acetone in a Soxhlet extractor, 
evaporated to dryness, redissolved in hexane and then, separated and 
quantitated by high performance liquid chromatography (HPLC) (Cort e t  a l . ,  
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1983). Selenium concentration was determined by wet ashing organic 
selenium in the feed, under strong oxidizing conditions with HNO3 and 
HCIO^, to selenite which, when reacted with aromatic orthodiamines, formed 
piazselenols that were fluorimetrically determined in an extract of hexane 
(Olson et a7., 1975). The results obtained in our laboratory were 
confirmed by analyses reported by Woodson-Tenent Laboratories, Inc.^ The 
calculated and determined nutrient analyses of the diets are shown in 
Tables 2 and 3, respectively. 
Body weight, feed intake (FI), and FE, calculated as feed to gain 
ratio, were determined at 5, 9, 13, 17, and 21 days of age. Before the 
experiment began, 36 poults were selected for sampling of liver and plasma. 
Livers and plasmas from 6 poults were pooled (six pooled samples) for base 
line measurement. Subsequently, a variable number of poults, according to 
age, (5 at 5 days; 4 at 9 days; and 2 at 13, 17, and 21 days) were selected 
at random for sampling from each pen on each of the weighing days. 
Poults were killed by decapitation and blood was collected in beakers 
layered with paraffin and containing an anticoagulant EDTA solution (0.03 
mL of a .21 M solution of Nag EDTA/ mL blood). Once the blood sample from 
the poults from each replicate-pen had been collected it was transferred to 
a 15 mL centrifuge tube and stored in crushed ice (4 C) until 
centrifugation. Plasma was separated by centrifugation at 1000 x g for 10 
minutes at 4 C. For plasma sampling at 13 and 17 days of age, the plasma 
so obtained was aspirated with a Pasteur pipette, transferred to tubes and 
^Woodson-Tenent Laboratories, Inc. Des Moines, lA 50305. 
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TABLE 2. Calculated nutrient composition of the corn-soybean meal (ÇS) 
and sunflower meal (SFM) diets with high (HE) or low (LE) vitamin E 
CS SFM 
Nutrient LE HE LE HE 
Dry matter, % 90.86 90.94 91.27 91.32 
ME , kcal/kg 
Protein, % 
2,900 2,900 2,900 2,900 
28.50 28.70 28.50 28.70 
Total sulfur 
amino acids, % 1.05 1.05 1.05 1.05 
Methionine, % .61 .61 .60 .58 
Lysine, % 1.64 2.37 1.60 1.62 
Calcium, % 1.20 1.20 1.20 1.20 
Available 
phosphorus, % .60 .60 .60 .60 
Sodium, % .12 .12 .13 .13 
Chloride, % .22 .22 .22 .22 
Potassium, % 1.21 1.21 1.15 1.20 
Selenium, mg/kg .21 .21 .20 .21 
Zinc, mg/kg 72.55 72.65 67.85 68.77 
Iron, mg/kg 580.35 575.97 513.69 503.97 
Vitamin A, lU/kg 5,040 5,040 5,040 5,040 
Vitamin D,, lU/kg 1,500 1,500 1,500 1,500 
Vitamin ET lU/kg 15.82 15.50 13.66 13.03 
Riboflavin, mg/kg 4.94 4.95 5.04 5.09 
Pantothenic 
acid, mg/kg 23.62 23.64 26.21 26.50 
Niacin, mg/kg 95.87 95.63 128.91 128.76 
Choline, mg/kg 2,111 2,117 2,361 2,418 
Linoleic acid, % 2.30 2.28 3.28 3.38 
Ether extract, % 5.56 5.58 8.49 8.94 
Crude fiber, % 2.93 2.92 4.99 5.03 
^LE and HE diets were supplemented with 12 lU or 800 lU of dl-a-
tocopheryl acetate/kg. 
TABLE 3. Determined nutrient composition of the corn-soybean meal (ÇS) 
and sunflower meal (SFH) diets with high (HE) or low (LE) vitamin E 
CS SFM 
Nutrient LE HE LE HE 
Dry matter, % 88.67 88.72 89.57 89.83 
Protein, % 28.66 28.41 27.67 29.42 
Ether extract, % 5.43 5.74 8.24 8.21 
Ash, % 6.93 7.23 7.34 7.23 
Vitamin E, lU/kg 17.06 783.52 30.87 882.01 
Selenium, mg/kg .55 .45 .64 .55 
^LE and HE diets were supplemented with 12 lU or 800 lU of dl-a-
tocopheryl acetate/kg. 
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frozen at -20 C for subsequent total a-tocopherol and GSH-Px activity 
determination. At sampling days 1, 5, 9 and 21, the plasma obtained by 
centrifugation was aspirated with a Pasteur pipette and divided into two 
tubes. Contents of one tube were frozen and kept at -20 C for total plasma 
a-tocopherol and GSH-Px activity determinations. The plasma in the second 
tube was immediately processed for fractionation of the plasma 
lipoproteins: very low density lipoproteins (VLDL), low density 
lipoproteins (LDL), and high density lipoproteins (HDL), and subsequent a-
tocopherol and HDL-cholesterol determinations. 
Plasma lipoproteins were separated by repeated ultracentrifugations 
after progressively increasing the solvent density using the method 
described by Havel et a7. (1955). Solvents were prepared by mixing 
different volumes of solution A and B. Solution A was .015 M NaCl 
(d=1.005) in distilled, deionized water and solution B was 2.61 M NaCl and 
2.97 M KBr in distilled deionized water {d-1.346). To obtain a solvent 
solution of d=1.063, 250 mL of solution A were mixed with 51.2 ml of 
solution B. To obtain a solvent solution of d=1.21, 165.9 mL of solution A 
were mixed with 250 mL of solution B. Lipoproteins of less than solvent 
density (VLDL< 1.005, LDL< 1.063, HDL< 1.21) were successively concentrated 
in a layer at the top of the ultracentrifuge tube according to the density 
of the solvent used. A specific fixed amount of the top layer containing 
the target lipoprotein fraction was carefully removed with a pasteur 
pipette after each centrifugation (VLDL, 1.5 mL; LDL, 2.1 mL; HDL, 1.8 mL), 
transferred to vials and stored in a freezer at -20 C until analyzed for a-
tocopherol and HDL-cholesterol. 
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Total plasma a-tocopherol concentration and the a-tocopherol 
concentration of plasma lipoproteins (VLDL, LDL, HDL) were determined by 
the method described by Cort et al. (1983). Plasma (2 mL) and plasma 
lipoproteins (2 mL) were deprotelnized with absolute ethanol (3 mL), a-
tocopherol was extracted with hexane (1 mL), and a-tocopherol 
concentrations were determined by high performance liquid chromatography 
(HPLC) with fluorescence retention at 294 nm excitation wavelength and 323 
nm emission wavelength. The mobile phase was 3.5 % tetrahydrofuran 
(vol/vol) In hexane with a flow rate of 2.0 mL/min. The sample extracted 
in hexane was Injected directly into the HPLC. Alpha-tocopherol was 
identified and quantitated by the comparison of retention time and peak 
areas with tocopherol standards. 
Cholesterol concentration in the HDL fraction was determined 
enzymatically by using a commercially available Kit from Sigma (Procedure 
2  352) . Briefly, cholesterol esters were allowed to react with cholesterol 
esterase (EC 3.1.1.13) and cholesterol oxidase (EC 1.1.3.6) to produce 
cholesterol-4-en-3-one and hydrogen peroxide (HgOg). Hydrogen peroxide was 
coupled with the chromogen, 4-am1noant1pyrine and p-hydroxybenzenesulfonate 
in the presence of peroxidase (EC 1.11.1.7) to yield a quinoneimine dye. 
Absorbance was read at 500 nm in a Gilford model 2600 spectrophotometer. 
Quantitation of cholesterol was done by preparing a standard curve ranging 
from 0 to 75 mg of cholesterol/dL. 
Activity of GSH-Px (EC 1.11.1.9.) was determined by the method of 
^Sigma Chemical Company, St. Louis, MO 63155-9916. 
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Paglia and Valentine (1967). Plasma (20 fil) was added to a substrate 
solution (2.88 mL) containing glutathione (GSH) and NADPH dissolved in 
phosphate buffer (pH, 7), to which sodium azide (NaNg) and glutathione 
reductase (GR) (EC 1.6.4.2.) were previously added. The plasma so treated 
was incubated at 20 C and H^02 (100 /il) added as the substrate. The method 
measures the activity of GSH-Px by means of a linked reaction in which the 
oxidized glutathione (GSSG) is regenerated to the reduced form (GSH) 
enzymatically with GR and NADPH. Reaction rates are determined by 
measuring the decrease of NADPH concentration spectrophotometrically at 340 
nm. " The blank" oxidation rate of NADPH is registered by using water 
instead of sample. A unit of GSH-Px activity was defined as the amount of 
enzyme that would convert 1 /imol of NADPH/min at pH 7 and 20 C. 
After blood samples were taken, livers were excised, weighed, and 
frozen in liquid nitrogen, then stored in a freezer at -20 C until prepared 
for analysis. At this time, liver samples were thawed at room temperature 
and homogenized (0.2 to 2 g), depending on the age of the poults and the 
concentration of VE expected) in 10 mL (wt:vol) of phosphate (sodium 
phosphate dibasic)-EDTA-buffer (pH 7.0). Liver GSH-Px activity and a-
tocopherol concentrations were determined on the same liver homogenates. 
GSH-Px activity was determined first and in the same conditions described 
for plasma GSH-Px activity. Liver a-tocopherol also was determined by HPLC 
by processing 2 mL of the liver homogenate as described earlier for plasma 
and plasma lipoproteins. 
Statistical analysis within each age was performed according to the 
General Linear Models (GLM) procedure of SAS (SAS Institute, 1985) to 
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determine main effects of inoculation, diet and VE level, and the 
interaction among these three factors. 
78 
RESULTS 
Inoculation of l-day-o1d poults with a 250-fold dilution of SS-
causing Inoculum significantly reduced (P<.01) their BU at 5, 9, 13, 17 and 
21 days of age as compared with poults given saline solution (Table 4). 
The magnitude of the reductions observed were 20 and 24% at 5 and 9 days of 
age, respectively, 19% at 13 and 17 days, and 16% at 21 days of age. 
The addition of 800 lU of VE/kg to the diets significantly Improved 
(P<.05) BW of I and UI poults from 9 to 21 days of age. However, the 
effect of VE was different for I and UI poults at 9 days of age. At that 
age, a significant I by VE Interaction (P<.05) showed that the improvement 
in BW of the poults receiving 800 lU of VE/kg of diet was greater for the 
UI than for the I group of poults. Supplementation with a high level of VE 
Improved the BW of the poults fed CS but did not Improve the BW of the 
poults fed SFM at 5, 9 and 13 days of age as indicated by a significant D 
by VE interaction (P<.05). 
Feed Intake was depressed (P<.01) by SS-infection at all ages with 
the largest reduction (34%) occurring from 1 to 5 days of age (Table 5). 
Supplementation with 800 lU of VE increased (P<.10) PI significantly from 1 
to 17 days of age, and this resulted in a significant increase (P<.05) in 
the average daily FI per poult for the 21-day experiment. No diet effect 
was observed on FI (P>.05). 
Feed efficiency was impaired (P<.01) by SS from 1 to 9 days of age 
(Table 6). No statistically significant differences were observed between 
I and UI poults from 9 to 17 days; however, a significantly better (P<.01) 
FE for I poults was observed from 17 to 21 days of age. 
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TABLE 4. Body weight of stunting syndrome-Infected (I) and uninfected 
(UI) poults fed a corn-soybean meal (CS) or sunflower meal ,(SFM) diet 
supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 5 9 13 17 21 
O 
r CS HE 58.6 81.6 114.1 182.8 265.1 383.4 
I CS LE 58.8 79.3 111.9 175.4 259.5 374.1 
I SFM HE 58.6 80.0 113.8 181.6 269.2 390.6 
I , SFM LE 58.7 81.5 113.5 177.7 263.1 384.3 
Nr CS HE 58.4 102.8 159.6 235.8 341.7 475.7 
NI CS LE 58.4 98.1 140.7 210.0 310.9 427.8 
NI SFM HE 58.3 99.8 148.0 221.4 327.6 459.4 
NI SFM LE 58.4 101.7 145.7 222.5 327.2 460.3 
SEM* .1 1.3 3.1 4.9 6.6 10.7 
Source of 
variation 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X 
( I )  
(VE) 
VE 
-Probability-
.001 .001 .001 .001 .001 
.756 .555 .959 .601 .280 
.346 .014 .016 .030 .051 
.989 .382 .836 .768 .967 
.591 .047 .339 .305 .311 
.009 .047 .038 .122 .100 
.443 .113 .105 .110 .144 
LE and HE diets were supplemented with 12 or 800 lU of dl- or -
tocopheryl acetate. 
'Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
Inoculum prepared form intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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TABLE 5. Feed intake of stunting syndrome-infected (I) and uninfected (UI) 
poults fed a corn-soybean meal (CS) or sunflower meal (SEM) diet 
supplemented with high (HE) or low (LE) vitamin E^ 
Days of age 
Infec­ Vitamin 
tion Diet E level 1-5 5-9 9-13 13-17 17-21 1-21 
ly/poU't Qai ly 
l2 CS HE 6.1 14.7 25.9 33.5 45.8 25.2 
I CS LE 5.3 14.4 24.3 33.1 44.1 24.2 
I SFM HE 6.0 15.0 24.7 34.4 46.1 25.3 
I , SFM LE 6.1 14.4 24.6 33.7 46.0 25.0 
Nr CS HE 9.4 19.2 28.5 43.0 53.6 30.7 
NI CS LE 8.7 16.1 25.8 38.9 51.6 28.2 
NI SFM HE 9.0 17.0 26.9 40.5 53.3 29.3 
NI SFM LE 8.6 16.6 27.4 39.7 53.1 29.1 
to
 
m
 
.3 .6 .8 .9 1.5 .6 
Source of 
variation 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X 
( I )  
(VE) 
VE 
-Probability-
.001 .001 .001 .001 .001 .001 
.791 .368 .725 .986 .408 .878 
.043 .013 .100 .036 .355 .038 
.144 .222 .712 .246 .815 .479 
.668 .121 .812 .170 .907 .406 
.156 .187 .056 .276 .434 .126 
.570 .071 .485 .178 .943 .381 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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TABLE 6. Feed efficiency (feed/gain) of stunting syndrome-infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower,meal (SFM) 
diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level 1-5 5-9 9-13 13-17 17-21 1-21 
o (g/g) 
r CS HE 1.06 1.85 1.51 1.58 1.57 1.55 
I CS LE 1.05 1.79 1.49 1.57 1.52 1.52 
I SFM HE 1.14 1.76 1.43 1.54 1.49 1.49 
I , SFM LE 1.07 1.77 1.49 1.56 1.52 1.52 
HV CS HE .85 1.37 1.51 1.62 1.63 1.48 
NI CS LE .87 1.48 1.52 1.56 1.72 1.52 
NI SFM HE .87 1.42 1.46 1.57 1.61 1.47 
NI SFM LE .80 1.55 1.40 1.52 1.59 1.44 
SEM* .048 .058 .035 .024 .055 .022 
Source of %is 4 An VailallOn rrODaDI11Xy' 
Infection (I) .001 .001 .859 .865 .008 .013 
Diet (D) .851 .975 .026 .053 .143 .025 
Vitamin E (VE) .360 .259 .994 .131 .727 .914 
I X D .263 .165 .373 .420 .645 .557 
I X VE .811 .080 .458 .081 .679 .890 
D X VE .270 .556 .947 .543 .808 .833 
I X D X VE .802 .735 .139 .708 .221 .075 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
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Supplementation with 800 lU of VE did not improve (P>.05) FE during any of 
the age periods. Poults fed SFM had a better {P<.05) FE from 9 to 13 days 
of age than those fed CS. The improved FE of the poults fed SFM during 
this period resulted in a superior (P<.05) FE of this group for the entire 
21-day experiment. 
Liver weights were depressed (P<.01) by SS-infection throughout the 
experiment with the differences being statistically significant at 5, 9, 17 
and 21 days of age (Table 7). Addition of a high level of VE to the diets 
did not affect (P>.05) the liver weight of the poults until 21 days of age. 
At that time, the poults supplemented with 800 lU of VE/kg of diet had 
heavier (P<.01) livers than those supplemented with 12 lU of VE. At 9 days 
of age, the I poults fed the HE diet had lighter liver weights than the I 
poults fed the LE diet and the UI poults fed the HE diet had heavier liver 
weights than the UI poults fed the LE diet, as indicated by the significant 
I by VE interaction (P<.05). No statistically significant diet effect 
(P>.05) was observed on liver weight at any age. 
Liver weights, as a percentage of BW, were greater (P<.05) for the I 
poults from 5 to 17 days of age (Table 8), indicating that the development 
of the liver was less affected by the disease than that of the whole body. 
Supplementation with 800 lU of VE/kg of diet did not affect (P>.05) the 
poults relative liver weight; however, the effect of the HE diet was 
different (P<.05) for the I and UI poults at 17 days of age. At that age, 
the I poults fed the HE diet had lighter relative liver weights than the I 
poults fed the LE diet and the opposite occurred for the UI poults. No 
diet effect (P>.05) was observed when liver weight was expressed relative 
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TABLE 7. Liver weight of stunting syndrome-infected (I) and uninfected 
(UI) poults fed a corn-soybean meal (CS) or sunflower meal .(SFM) diet 
supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 5 9 13 17 21 
vg/poult; 
l2 CS HE 1.56 2.63 3.66 5.65 7.13 10.95 
I CS LE 1.56 2.79 3.89 4.92 7.33 9.77 
I SFM HE 1.56 2.76 3.85 5.47 7.75 10.89 
I , SFM LE 1.56 2.80 3.92 5.64 7.36 10.57 
Nr CS HE 1.56 3.21 4.35 6.11 8.65 12.76 
NI CS LE 1.56 3.31 3.86 5.35 8.39 11.35 
NI SFM HE 1.56 3.09 4.36 5.59 9.03 12.83 
NI SFM LE 1.56 3.13 4.28 6.08 8.55 11.69 
SEM* .11 .12 .39 .38 .52 
Source of 
variation 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X 
-Probability-
( I )  
(VE) 
VE 
.001 .001 .198 .001 .001 
.616 .077 .501 .287 .441 
.297 .445 .454 .397 .011 
.170 .514 .757 .914 .825 
.875 .020 .795 .623 .479 
.572 .470 .060 .459 .447 
.838 .116 .754 .726 .694 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form Intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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TABLE 8. Liver weight as a percentage of body weight of stunting 
syndrome-infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS) or sunflower meal (SFM) diet supplemented with high (HE) or low (LE) 
vitamin Ë 
Days of age 
Infec- Vitamin 
tion Diet E level 1 5 9 13 17 21 
-(% of body weight)-
r CS HE 2.77 3.36 3.23 3.59 2.79 2.70 
I CS LE 2.77 3.59 3.39 2.87 2.82 2.55 
I SFM HE 2.77 3.50 3.32 2.97 2.82 2.66 
I , SFM LE 2.77 3.43 3.39 3.06 2.92 2.67 
Nr CS HE 2.77 3.24 2.84 2.70 2.76 2.62 
NI CS LE 2.77 3.38 2.96 2.75 2.62 2.57 
NI SFM HE 2.77 3.23 2.98 2.87 2.83 2.70 
NI - SFM LE 2.77 3.31 2.93 2.79 2.66 2.72 
SEM* .08 .06 .21 .07 .07 
Source of 
m 4 AW Vfli 1 oXl OiT ITODaDI 11 ty 
Infection (I) .004 .001 .017 .017 .919 
Diet (D) .737 .219 .799 .191 .153 
Vitamin E (VE) .117 .096 .283 .314 .445 
I X D .812 .857 .276 .966 .485 
I X VE .797 .398 .321 .028 .544 
D X VE .128 .130 .250 .847 .294 
I X D X VE .298 .615 .107 .584 .683 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
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to BW. 
The concentration of liver a-tocopherol varied with the age of the 
poults. Livers of 1-day-old poults contained 10.6 /ig of a-tocopherol/g for 
a total of 16.5 pg/liver (Tables 9 and 10). The concentrations and amounts 
of a-tocopherol In livers of 5-day-old poults Increased, Irrespective of 
level of VE Included In their diets, as compared with 1 day of age. Liver 
a-tocopherol decreased markedly by 9 days of age and continued to decrease 
through 13 or 17 days of age, depending on the dietary levels of VE used. 
Between 17 and 21 days of age, liver a-tocopherol slightly Increased 
(Tables 9 and 10). 
Poults fed diets containing 800 lU of VE/kg of diet had significantly 
greater (P<.01) concentrations of liver a tocopherol beginning at 5 days of 
age than those fed 12 lU of VE/kg (Table 9). This effect of the high 
dietary VE was consistent, irrespective of diet or infection except in two 
Instances. At 9 days of age, the Increase in liver a-tocopherol 
concentration was greater for UI poults than for I poults, resulting in a 
significant I by VE interaction (P<.05). At 17 days of age, the increase 
in liver a-tocopherol concentration caused by feeding the high VE diet was 
greater for the poults fed CS diets than for those fed SFM diets, resulting 
in a significant D by VE interaction (P<.01). 
Stunting syndrome decreased (P<.05) total liver a-tocopherol at 21 
days of age (Table 10) due to the lower liver weights of the I poults 
compared to those of the UI poults. The addition of 800 lU of VE to the 
diets significantly increased (P<.01) total liver a-tocopherol throughout 
the experiment relative to that observed when 12 lU were fed. However, at 
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TABLE 9. Liver a-tocopherol concentration of stunting syndrome-infected 
(I) and uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower 
meal (SFM) diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 5 9 13 17 21 
/ 5 
0 /*g/g 
r CS HE 10.6 38.4 5.6 4.4 6.7 8.1 
I CS LE 10.6 26.5 3.0 .4 .2 .4 
I SFM HE 10.6 29.9 8.0 4.9 4.4 7.2 
I o SFM LE 10.6 24.1 3.3 .5 .3 .4 
Nr CS HE 10.6 38.7 10.1 5.6 6.7 9.6 
NI CS LE 10.6 20.6 2.7 .4 .3 .4 
NI SFM HE 10.6 37.7 8.9 4.8 4.4 8.6 
NI SFM LE 10.6 18.4 1.9 .4 .2 .3 
SEM* 3.9 1.1 .5 .6 .7 
Source of 
variation 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X 
( I )  
(VE) 
VE 
-Probability-
.749 .227 .447 .959 .146 
.217 .788 .893 .009 .308 
.001 .001 .001 .001 .001 
.488 .123 .321 .986 .893 
.088 .027 .404 .975 .132 
.660 .579 .812 .010 .330 
.517 .430 .367 .881 .962 
LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
'Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
Liver a-tocopherol expressed as micrograms per gram of wet tissue. 
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TABLE 10. Total liver a-tocopherol of stunting syndrome-infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower,meal (SFM) 
diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level 15 9 13 17 21 
o P9 
r CS HE 16.5 102.6 20.9 25.9 49.9 87.5 
I CS LE 16.5 74.0 11.6 1.9 1.7 3.5 
I SFM HE 16.5 82.6 30.9 26.8 33.8 77.7 
I , SFM LE 16.5 67.6 13.1 2.6 2.1 4.0 
Nr CS HE 16.5 123.0 44.2 34.6 57.5 123.5 
NI CS LE 16.5 66.9 10.1 2.0 2.2 4.3 
NI SFM HE 16.5 115.3 39.0 27.6 39.8 110.4 
NI SFM LE 16.5 57.6 8.1 2.4 1.6 3.7 
SEM* 11.0 4.4 3.9 5.6 9.0 
Source of 
,V3i 1 aXI on rrODaDI11Xy 
Infection (I) .257 .055 .397 .401 .012 
Diet (D) .176 .734 .651 .043 .374 
Vitamin E (VE) .001 .001 .001 .001 .001 
I X D .767 .146 .466 .864 .866 
I X VE .034 .006 .389 .400 .013 
D X VE .704 .669 .523 .046 .381 
I X D X VE .630 .354 .501 .971 .928 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
O 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
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5, 9 and 21 days of age the increase in total liver a-tocopherol due to 
supplementation with a high level of VE was larger for the UI than for the 
I poults as indicated by the significant I by VE interaction (P<.05). The 
greater liver weights of the UI poults, compared with those of the I poults 
caused the differences observed in total liver a-tocopherol in favor of the 
UI poults. 
A diet effect on total liver a-tocopherol was observed only at 17 
days of age with the poults fed CS having more (P<.05) total liver a-
tocopherol than those fed SFM. At this age, the positive effect of 
supplementing with a high level of VE on total liver a-tocopherol was 
greater for the poults fed CS than for those fed SFM, as indicated by the 
significant D by VE interaction (P<.05). 
Contrary to what occurred with liver a-tocopherol, SS decreased 
(P<.05) plasma a-tocopherol concentration of the poults at 9 and 21 days of 
age (Table 11). Similar to what occurred with liver a-tocopherol, 
supplementation with 800 lU of VE/kg of diet significantly increased 
(P<.01) plasma a-tocopherol concentration throughout the experiment 
relative to that of poults supplemented with 12 lU of VE. At 5, 9 and 21 
days of age, diet supplementation with 800 lU of VE/kg of diet increased 
the concentration of a-tocopherol in the plasma of UI poults more than in 
plasma of I poults and this was reflected by a significant I by VE 
interaction (P<.05). 
When data were expressed as total plasma a-tocopherol, the depression 
in plasma a-tocopherol caused by SS was statistically significant at all 
ages (P<.05, at days 5, 9, and 21; P<.06, at 13 and 17 days) (Table 12). 
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TABLE 11. Plasma a-tocopherol concentration of stunting syndrome-Infected 
(I) and uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower 
meal (SFH) diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 5 9 13 17 21 
O 
r CS HE 3.95 2.06 .81 1.37 3.22 4.33 
I CS LE 3.95 1.57 .41 .07 .23 .34 
I SFM HE 3.95 1.79 1.04 1.41 3.68 4.29 
I o SFM LE 3.95 1.39 .31 .18 .34 .40 
Nr CS HE 3.95 2.57 3.35 2.31 5.13 6.11 
NI CS LE 3.95 .85 .42 .19 .27 .30 
NI SFM HE 3.95 2.38 2.79 1.65 3.79 5.52 
NI SFM LE 3.95 .95 .51 .27 .30 .37 
SEM* .19 .22 .29 .52 .41 
Source of 
variation 
Infection (I) 
Diet (D) 
Vitamin E (VE) 
I X D 
I X VE 
D X VE 
I X 0 X VE 
-Probability-
.916 .001 .160 .179 .017 
.331 .609 .743 .614 .665 
.001 .001 .001 .001 .001 
.530 .364 .421 .212 .643 
.001 .001 .272 .178 .013 
.500 .621 .341 .499 .508 
.726 .134 .440 .252 .639 
LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
'Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-Infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
Plasma «-tocopherol expressed as micrograms per milliliter of plasma. 
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TABLE 12. Total plasma a-tocopherol of stunting syndrome-infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower,meal (SFM) 
diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 5 9 13 17 21 
O W 
r CS HE 8.5 6.1 3.5 9.9 31.6 66.8 
I CS LE 8.5 4.6 1.8 .5 2.3 5.0 
I SFM HE 8.5 5.3 4.6 9.8 38.7 67.5 
I , SFM LE 8.5 4.3 1.4 1.2 3.2 6.1 
Nr CS HE 8.5 9.6 19.6 19.7 61.5 112.6 
NI CS LE 8.5 3.2 2.1 1.4 3.2 5.0 
NI SFM HE 8.5 8.6 15.5 11.4 46.7 101.7 
NI SFM LE 8.5 3.4 2.8 2.3 3.5 6.0 
SEM* .6 1.4 2.2 6.8 8.3 
Source of 
Variation •"rrODaD 111 tj 
Infection (I) .017 .001 .061 .052 .002 
Diet (D) .299 .482 .366 .739 .734 
Vitamin E (VE) .001 .001 .001 .001 .001 
I X D .898 .317 .234 .251 .623 
I X VE .001 .001 .145 .067 .002 
D X VE .344 .398 .113 .644 .603 
I X D X VE .672 .118 .195 .280 .625 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
'Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
Standard error of the means. Means of four pens per treatment. 
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Total plasma a-tocopherol was calculated by multiplying the concentration 
of a tocopherol per milliliter of plasma by the plasma volume of the 
poults, estimated as 3.8 mL/100 g of BW (Augustine, 1982). Due to the 
smaller body size and consequently less blood volume of the I poults,the 
differences in plasma a-tocopherol between the I and UI poults became 
larger and in favor of the UI poults. 
When the poults were fed 800 lU of VE per kg of diet, total liver a-
tocopherol increased (P<.01) throughout the experiment as compared with 
that of poults supplemented with 12 lU of VE. A significant interaction 
between I and VE (P<.01) at 5, 9, and 21 days of age showed that the high 
dietary level of VE increased total plasma a-tocopherol of the UI poults 
more than that of the I poults. 
The pattern followed by liver (GSH-Px) activity (units per gram of 
liver) was changed by SS-infection. In the instance of the UI poults, the 
activity of the enzyme Increased steadily throughout the experiment, 
attaining a maximum of 10.12 units/g of liver at 21 days of age. In 
contrast, liver GSH-Px activity of I poults reached its maximum (10.36 
units/g of liver) at 13 days of age and then decreased until the end of the 
21-day experiment (Table 13). Stunting syndrome-infected poults had 
greater (P<.05) liver GSH-Px activity than UI poults at 5 days of age. 
However, the opposite (P<.05) was observed at 21 days (Table 13). 
Poults fed SFM had greater (P<.01) liver GSH-Px activity than those 
fed CS at 9 and 17 days of age. No significant effect of high VE 
supplementation on liver GSH-Px activity was observed at any age. Feeding 
a high level of VE, however, increased liver GSH-Px activity of 17-day-old 
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TABLE 13. Liver glutathione peroxidase activity of stunting syndrome-
infected (I) and uninfected (UI) poults fed a corn-soybean meal (CS) 
or sunflower meal (SFM) diet supplemented with high (HE) or 
low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level 1 5 9 13 17 21 
r 
I 
I 
I . 
NI' 
NI 
NI 
NI 
CS 
CS 
SFM 
SFM 
CS 
CS 
SFM 
SFM 
HE 
LE 
HE 
LE 
HE 
LE 
HE 
LE 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
SEMT 
Source of 
variation 
8.01 
6.66 
7.16 
7.61 
6.11 
5.41 
7.65 
4.81 
.87 
-un it s/g* 
8.05 
7.53 
8.68 
9.09 
7.69 
8.23 
9.36 
8.74 
.43 
10.12 
9.66 
11.11  
10.53 
8.16 
9.58 
10.45 
9.14 
.79 
7.96 
8.44 
10.57 
9.64 
7.96 
8.49 
10.27 
10.56 
7.56 
7.77 
10.09 
8.25 
9.50 
9.69 
10.26 
11.03 
.25 1.03 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X 
( I )  
(VE) 
VE 
-Probability-
.035 .587 .081 .349 .028 
.676 .001 .113 .001 .092 
.082 .874 .682 .611 .821 
.736 .988 .997 .438 .758 
.295 .990 .616 .080 .383 
.892 .859 .218 .027 .624 
.121 .098 .256 .107 .375 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
3 Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^Liver gluathione peroxidase activity expressed as units per gram of wet 
tissue. One unit of activity was defined as the amount of enzyme that will 
convert 1 jumol of NADPH/min at pH 7.0 and 20 C. 
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poults fed SFM but decreased that of poults fed CS as shown by a 
significant D by VE Interaction (P<.05). 
When expressing the activity of the enzyme as total liver GSH-Px, the 
UI poults had more (P<.01) total GSH-Px activity than the I poults at 9, 17 
and 21 days of age (Table 14). The differences In enzyme activity between 
the two groups of poults (I and UI) were increased when expressed In total 
units of liver GSH-Px activity because of the heavier liver weights of the 
UI poults. Poults fed SFM had more (P<.05) total liver GSH-Px activity 
than poults fed CS at 9 and 17 days of age. No significant effect (P>.05) 
of VE supplementation on total liver GSH-Px activity was observed at any 
age. 
Stunting syndrome-infected poults had greater (P<.01) plasma GSH-Px 
activity (units per milliliter) from 5 to 9 days of age but less (P<.01) 
enzyme activity from 13 to 17 days of age than the UI poults (Table 15). 
Poults fed SFM had more (P<.05) plasma GSH-Px activity (units per 
milliliter) than poults fed CS at 9 and 17 days of age. 
Supplementation with 800 lU of VE Increased (P<.05) plasma GSH-Px 
activity at 5 days of age as compared with that observed when 12 lU of VE 
were fed. At 17 days of age, the UI poults supplemented with the high 
level of VE had more enzyme activity than the UI poults supplemented with 
12 lU of VE; however, the opposite was true for the I poults resulting in a 
significant I by VE interaction (P<.05). 
Generally, the fluctuations In total plasma GSH-Px activity with SS-
infection were similar to those observed when the activity of the enzyme 
was expressed in units per ml of plasma. Stunting syndrome-infected poults 
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TABLE 14. Total liver glutathione peroxidase activity of stunting 
syndrome-infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS) or sunflower meal (SFM) diet supplemented with high (HE) or 
low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level 1 5 9 13 17 21 
units® 
l"- CS HE 5.3 21.1 29.5 57.3 56.6 82.3 
I CS LE 5.3 18.6 29.3 47.0 61.8 77.9 
I SFM HE 5.3 19.8 33.4 60.3 82.2 110.2 
I. SFM LE 5.3 21.3 35.6 59.7 70.8 84.8 
Nr CS HE 5.3 19.5 33.4 49.5 69.1 121.0 
NI CS LE 5.3 18.0 31.8 50.8 71.2 110.0 
NI SFM HE 5.3 23.6 40.9 58.5 92.9 132.0 
NI SFM LE 5.3 15.0 37.5 55.8 90.4 129.1 
SEM* 2.8 2.0 5.2 4.3 12.0 
Source of 
variation Probability 
Infection (I) .546 
Diet (D) .738 
Vitamin E (VE) .166 
I X D .966 
I X VE .257 
D X VE .700 
I X D X VE .670 
.011 .522 .001 .001 
.001 .056 .001 .068 
.613 .410 .596 .210 
.616 .903 .491 .889 
.231 .528 .644 .647 
.922 .702 .096 .704 
.468 .359 .336 .399 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
®Total liver gluathione peroxidase activity expressed in units. One unit 
of activity was defined as the amount of enzyme that will convert 1 /unol of 
NADPH/rain at pH 7.0 and 20 C. 
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TABLE 15. Plasma glutathione peroxidase activity of stunting syndrome-
infected (I) and uninfected (UI) poults fed a corn-soybean meal (CS) or 
sunflower meal (SFM) diet supplemented with high (HE) or 
low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level I 5 9 13 17 21 
units/mL® 
CS HE 1.36 1.01 .87 .43 .57 .96 
I CS LE 1.36 .80 .94 .65 .72 .98 
I SFM HE 1.36 .96 1.00 .49 .75 1.09 
I. SFM LE 1.36 .90 1.10 .36 1.10 1.06 
Nr CS HE 1.36 .62 .66 .50 1.02 .86 
NI CS LE 1.36 .60 .76 .74 .95 .99 
NI SFM HE 1.36 .71 .75 .70 1.32 .95 
NI SFM LE 1.36 .67 .97 .83 1.09 .93 
SEM* .05 .10 .10 .10 .11 
Source of 
variation Probability 
Infection (I) 
Diet (D) 
Vitamin E (VE) 
I X D 
I X VE 
D X VE 
I X D X VE 
001 .009 .007 .001 .274 
165 .040 .817 .002 .471 
041 .085 .123 .460 .766 
508 .970 .081 .663 .583 
221 .610 .344 .011 .701 
422 .611 .121 .867 .518 
267 .738 .391 .219 .734 
^LE and HE diets were supplemented with 12 or 800 lU of d1- a -
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^Plasma gluathione peroxidase activity expressed as units per mL. One 
unit of activity was defined as the amount of enzyme that will convert 1 
ftmo} of NADP/min at pH 7.0 and 20 C. 
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had more (P<.01) total plasma GSH-Px activity than the UI poults at 5 days 
of age but these poults had less (P<.01) GSH-Px activity at 13 and 17 days 
of age (Table 16). 
An effect of diet on total plasma GSH-Px activity was observed at 9 
and 17 days of age. In both instances, poults fed SFM had more (P<.05) 
enzyme activity than poults fed CS. At 13 days of age, the effect of the 
diet on total plasma GSH-Px activity was different when fed to I or UI 
poults, as indicated by the I by D interaction (P<.05). At that time, the 
UI poults fed SFM had greater plasma GSH-Px activity than the UI poults fed 
CS but the I poults fed SFM had lower activity of the enzyme than the I 
poults fed CS. 
Supplementation with 800 lU of VE/kg of diet did not affect (P>.05) 
total plasma GSH-Px activity. However, a significant I by VE interaction 
(P<.05) was observed at 17 days of age. At that time, diet supplementation 
with a high level of VE had an opposite effect on the total activity of the 
enzyme in the plasma of I and UI poults. The high level of VE in the diet 
increased the activity of the enzyme in UI poults but decreased it in I 
poults. 
The amount of a-tocopherol carried by the VLDL plasma fraction varied 
with age. There was a sharp decrease in a-tocopherol concentration in VLDL 
between 1 and 9 days of age, at which time the minimum concentration 
occurred. VLDL a-tocopherol concentration increased slightly by 21 days 
(Table 17). Stunting syndrome-infected poults had a higher (P<.01) 
concentration of a-tocopherol (micrograms per milliliter) in VLDL than the 
UI poults at 5 days of age. Poults fed CS had higher (P<.01) a-tocopherol 
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TABLE 16. Total plasma glutathione peroxidase activity of stunting 
syndrome-Infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS) or sunflower meal (SFM) diet supplemented with high (HE) or 
low (LE) vitamin E 
Days of age 
Infec- Vitamin 
tion Diet E level 1 5 9 13 17 21 
units® 
I" CS HE 2.9 3.0 3.7 3.0 5.4 14.8 
I CS LE 2.9 2.4 4.1 4.2 7.1 13.8 
I SFM HE 2.9 2.9 4.4 3.4 7.7 16.9 
I, SFM LE 2.9 2.8 4.8 2.6 10.6 15.9 
Nr CS HE 2.9 2.3 3.8 4.2 12.2 15.9 
NI CS LE 2.9 2.2 3.8 5.3 11.6 16.7 
NI SFM HE 2.9 2.6 4.2 5.2 15.8 17.6 
NI SFM LE 2.9 2.4 5.3 6.8 13.5 14.9 
SEM* .17 .44 .61 1.14 1.68 
Source of 
variation Probability 
Infection (I) .006 
Diet (D) .116 
Vitamin E (VE) .060 
I X D .870 
I X VE .485 
D X VE .335 
I X D X VE .192 
.946 .001 .001 .442 
.017 .482 .002 .395 
.145 .089 .628 .418 
.657 .047 .913 .375 
.827 .166 .029 .985 
.357 .383 .897 .481 
.346 .155 .373 .477 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a -
tocopheryl acetate. 
Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared form intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^Total plasma glutathione peroxidase activity expressed in units. One 
unit of activity was defined as the amount of enzyme that will convert 1 
fwnol of NADPH/min at pH 7.0 and 20 C. 
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TABLE 17. Alpha-tocopherol concentration In the very low density 
lipoprotein fraction (VLDL) of the plasma of stunting syndrome-Infected (I) 
and uninfected (UI) poults fed a corn-soybean meal (CS) or sunflower meal 
(SFM) diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­
tion Diet 
Vitamin 
E level 21 
l2 CS HE 1.005 
I CS LE 1.005 
I SFM HE 1.005 
I , SFM LE 1.005 
Nr CS HE 1.005 
NI CS LE 1.005 
NI SFM HE 1.005 
NI SFM LE 1.005 
SEM* 
.255 
.149 
.165 
.097 
.116 
.088 
.084 
.048 
.021 
-pg/mL' 
Source of 
variation 
Infection (I) 
Diet (D) 
Vitamin E (VE) 
I X D 
I X VE 
D X VE 
I X D X VE 
.017 .065 
.013 .032 
.039 .091 
.010 .014 
.024 .175 
.005 .005 
.029 .105 
.005 .007 
.007 .036 
.001 .394 .382 
.001 .238 .555 
.001 .001 .001 
.237 .532 .459 
.073 .573 .127 
.601 .132 .781 
.431 .334 .260 
LE and HE diets were supplemented with 12 or 800 lU of dl- a-
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared from intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
Very low density lipoprotein a-tocopherol expressed as micrograms per 
m i l l i l i t e r  o f  p l a s m a .  
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concentration In VLDL at 5 days of age than those fed SFM; however, no 
differences between the two treatment groups were observed at 9 and 21 
days. Supplementation with 800 lU of VE significantly Increased (P<.01} 
the concentration of a-tocopherol in VLDL at all ages. 
The concentration of o-tocopherol (micrograms per milliliter) carried 
by the plasma LDL fraction declined drastically from 1 to 9 days of age, 
irrespective of treatment. It reached a minimum at 9 days and Increased 
towards the end of the experiment to concentrations similar to those 
observed at 5 days of age (Table 18). Stunting syndrome-Infected poults 
had a greater (P<.053) concentration of a-tocopherol in LDL than the UI 
poults at 5 days of age but a lower (P<.01) concentration at 9 days of age. 
At 21 days, the values of a-tocopherol concentration in LDL were very 
similar (P>.05) for I and UI poults. 
No diet effect was observed on LDL a-tocopherol concentration 
(P>.05). Supplementation with 800 lU of VE/kg of diet significantly 
increased (P<.01) the concentration of a-tocopherol in LDL at all ages. 
Supplementation with this high level of VE maintained relatively high a-
tocopherol levels in LDL throughout the experiment and modulated the 
reduction between 1 and 9 days of age. The addition of 800 lU of VE to the 
diets Increased the a-tocopherol concentration in LDL of the NI poults more 
than that of the I poults at 5 and 9 days of age as shown by the 
significant I by VE interaction (P<.05). 
The a-tocopherol carried by HDL also varied with the age of the 
poults. It declined 1.8 fold from 1 to 9 days of age, when the minimum 
values were observed, and then Increased rapidly towards the end of the 
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TABLE 18. Alpha-tocophero! concentration In the low density lipoprotein 
fraction (LDL) of the plasma of stunting syndrome-Infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS) or sunflowerjmeal 
(SFM) diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
Infec­ Vitamin 
tion Diet E level 1 
l2 CS HE 1.641 
I CS LE 1.641 
I SFM HE 1.641 
I , SFM LE 1.641 
Nr CS HE 1.641 
NI CS LE 1.641 
NI SFM HE 1.641 
NI SFM LE 1.641 
SEM* 
21 
Source of 
variation 
.755 
.558 
.852 
.575 
.791 
.364 
.824 
.330 
.07 
-Hg/mV 
.230 1.137 
.119 .079 
.230 1.360 
.083 .086 
1.048 1.295 
.166 .082 
.804 1.163 
.130 .087 
.07 .17 
Infection (I) .053 .001 .943 
Diet (D) .603 .116 .832 
Vitamin E (VE) .001 .001 .001 
I X D .589 .228 .461 
I X VE .046 .001 .930 
D X VE .496 .354 .868 
I X D X VE .950 .239 .465 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a-
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
Inoculum prepared from intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^Low density lipoprotein a-tocopherol expressed as micrograms per 
m i l l i l i t e r  o f  p l a s m a .  
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experiment, reaching values 1.6 times higher than those observed at 1 day 
of age (Table 19). No diet or SS-infection effect were observed on the 
concentration of a-tocopherol carried by HDL; however, supplementation of 
the diets with 800 lU of VE increased (P<.01) the concentration of a-
tocopherol in HDL at 9 and 21 days of age. 
The percentage of a-tocopherol carried by the different plasma 
lipoprotein fractions varied with the age of the poults. At 1 day of age, 
the UI poults carried 44.03% of total plasma a-tocopherol in the LDL 
fraction and the rest was approximately equally distributed between the 
VLDL (26.62%) and HDL (29.35%) fractions (Table 20). In contrast, at 5 
days of age most of the a-tocopherol was carried by the LDL and HDL 
fractions in approximately equal percentages (45.64 and 46.94%, 
respectively) and that carried by VLDL was very low (7.42%). This trend 
towards a depletion of a-tocopherol in VLDL continued to 9 days of age 
(1.36%) and was accompanied by an increase in the percentage of a-
tocopherol carried by HDL (56.84%). At the same time, a slight decrease in 
the percentage of a-tocopherol carried by LDL (41.80%) was observed. At 21 
days of age, most of the a-tocopherol was carried by HDL (68.68%) and LDL 
carried 28.77%. Concomitantly, a slight increase in the percentage of a-
tocopherol carried by VLDL (2.55%) was observed. 
Stunting syndrome affected the distribution of a-tocopherol among the 
different plasma lipoprotein fractions. The disease increased (P<.05) the 
percentage of a-tocopherol carried by VLDL and HDL at 9 days of age and 
consequently, decreased the percentages of a-tocopherol carried by LDL. At 
21 days of age, the a-tocopherol percentages in the three fractions studied 
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TABLE 19. Alpha-tocopherol concentration in the high density lipoprotein 
fraction (HDL) of the plasma of stunting syndrome-infected (I) and 
uninfected (UI) poults fed a corn-soybean meal (CS) or sunflowerjmeal 
(SFM) diet supplemented with high (HE) or low (LE) vitamin E 
Infec­
tion Diet 
Vitamin 
E level 
Days of age 
21 
l2 CS HE 
I CS LE 
I SFM HE 
I q SFM LE 
Nr CS HE 
NI CS LE 
NI SFM HE 
NI SFM LE 
SEM* 
Source of 
variation 
Infection 
Diet (D) 
Vitamin E 
I X D 
I X VE 
D X VE 
I X D X VE 
( I )  
(VE) 
1.507 
.931 
1.102 
.887 
1.113 
.355 
.854 
.897 
.30 
-Hg/mV 
.711 2.842 
.359 .197 
.706 4.381 
.239 .234 
.725 2.795 
.454 .208 
1.422 3.293 
.351 .256 
.25 .52 
.172 .272 .464 
.847 .472 .165 
.092 .006 .001 
.402 .345 .494 
.930 .483 .438 
.188 .198 .200 
.614 .359 .484 
LE and HE diets were supplemented with 12 or 800 lU of dl- a-
tocopheryl acetate. 
'Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared from intestines of SS-infected poults. 
Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
High density lipoprotein a-tocopherol expressed as micrograms per 
m i l l i l i t e r  o f  p l a s m a .  
TABLE 20. Percentage of a-tocopherol transported by each plasma lipoprotein fraction of 
stunting syndrome-infected (1) and uninfected (UI) poults fed a corn-soybean meal (CS) 
or sunflower meal (SFM) diet supplemented with high (HE) or low (LE) vitamin E 
Days of age 
5 9 21 
Plasma lipoprotein fractions 
Infec- Vitamin 
tion Diet E level VLDL LDL HDL VLDL LOL HDL VLDL LDL HDL 
CS 
I CS 
I SFM 
I, SFM 
NI^ CS 
NI CS 
NI SFM 
NI SFM 
SEM* 
Source of 
variation 
Infection (I) 
Diet (D) 
Vitamin E (VE) 
I X D 
I X VE 
D X VE 
I X D X VE 
HE 
LE 
HE 
LE 
HE 
LE 
HE 
LE 
10.77 
9.04 
8.38 
6.50 
8.52 
10.80 
6.68 
3.67 
30. 
34. 
48. 
38. 
47. 
51. 
57. 
26. 
64 
09 
51 
83 
35 
20 
61 
41 
58.58 
56.87 
43.11 
54.67 
44.13 
37.99 
35.71 
69.91 
2.06 
1.00 
4.56 
3.62 
1.37 
.85 
2.14 
1.06 
23 
25. 
25 
24 
61 
27. 
47. 
30. 
62 
24 
02 
94 
90 
20 
19 
92 
74.32 
73.76 
70.42 
71.44 
36.73 
71.95 
50.66 
68.01 
1.45 
9.24 
1.71 
4.16 
4.05 
1.71 
2.63 
1.80 
30.47 
31.65 
24.65 
25.35 
37.43 
28.87 
23.46 
25.33 
68.07 
59.10 
73.64 
70.48 
58.51 
69.42 
73.91 
72.86 
.04 10 14 .03 .10 12 .05 .07 .07 
.205 .269 .384 .028 .016 .039 .578 .882 .875 
.012 .761 .916 .055 .660 .867 .476 .150 .086 
.498 .226 .219 .202 .050 .051 .409 .824 .903 
.377 .178 .214 .167 .616 .593 .914 .784 .925 
.521 .456 .618 .884 .054 .072 .045 .682 .275 
.233 .080 .111 .757 .507 .590 .917 .583 .725 
.334 .431 .489 .651 .462 .559 .422 .593 .379 
^LE and HE diets were supplemented with 12 or 800 lU of d1-a-tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 ml of a 250 fold dilution of inoculum prepared from 
intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^a-Tocopherol carried by each plasma lipoprotein fraction (VLDL, LDL or HDL) expressed as 
percentage of the total a-tocopherol present in the three lipoprotein fractions. 
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were very similar (P>.05) for I and UI poults. 
Supplementation with 800 lU of VE increased (P<.05) the percentage of 
a-tocopherol carried by the plasma LDL fraction at 9 days of age relative 
to the percentage carried by this plasma lipoprotein fraction when 12 lU of 
VE were supplemented (Table 20). Concomitantly, there was a decrease 
(P<.05) in the percentage of a-tocopherol carried by HDL at 9 days of age. 
At 21 days of age, the percentages of a-tocopherol carried by the LDL and 
HDL lipoprotein fractions were very similar (P>.05). Although the 
difference was not statistically significant (P>.05), the plasma VLDL 
fraction of the poults supplemented with 12 lU of VE carried twice the 
percentage of a-tocopherol at 21 days as the VLDL of the poults fed 800 lU 
of VE. 
A study of the amount of circulating HDL in turkey poults showed a 
variation of this particular plasma fraction with age, as indicated by the 
determination of HDL-cholesterol. A reduction of 2.6 fold in plasma HDL-
cholesterol from 1 to 9 days of age was observed. This reduction was 
followed by a slight increase in plasma HDL-cholesterol from 9 to 21 days 
of age (Table 21). Stunting syndrome-infection significantly reduced 
(P<.01) HDL-cholesterol from 5 to 9 days of age but this effect disappeared 
(P>.05) by 21 days. The reduction in HDL-cholesterol observed between 5 
and 9 days suggests a decrease in circulating plasma HDL fraction due to 
the infection. 
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TABLE 21. Concentration of HDL-cholesterol in the plasma of stunting 
syndrome-infected (I) and uninfected (UI) poults fed a corn-soybean meal 
(CS) or sunflower meal (SFM) diet supplemented with high (HE) or 
low (LE) vitamin E 
Days of age 
Source of 
variation 
Infection (I) 
Diet (D) 
Vitamin E (VE) 
I X D 
I X VE 
D X VE 
I X D X VE 
Infec­ Vitamin 
tion Diet E level 1 5 9 21 
O #ng/ GL 
r CS HE 264 143 81 106 
I CS LE 264 139 89 107 
I SFM HE 264 147 86 127 
I. SFM LE 264 144 72 116 
Nr CS HE 264 165 118 112 
NI CS LE 264 166 119 107 
NI SFM HE 264 167 129 128 
NI SFM LE 264 164 119 103 
SEM* 5 8 8 
Probability-
.001 .001 .744 
.548 .879 .066 
.538 .460 .079 
.565 .399 .439 
.741 .918 .381 
.838 .166 .155 
.802 .600 .719 
^LE and HE diets were supplemented with 12 or 800 lU of dl- a-
tocopheryl acetate. 
^Dosed per os at 1 day of age with .5 mL of a 250-fold dilution of 
inoculum prepared from intestines of SS-infected poults. 
^Dosed per os at 1 day of age with .5 mL of saline. 
^Standard error of the means. Means of four pens per treatment. 
^HDL-cholesterol expressed as miligrams per deciliter of plasma. 
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DISCUSSION 
Stunting syndrome Inoculation reduced the BW of the poults throughout 
the 21-day experiment. The magnitude of the reductions were 20 and 24% at 
5 and 9 days of age, respectively, 19% at 13 and 17 days, and 16% at 21 
days of age. These reductions in BW and for the same period agree with 
those previously observed by Angel et al. (1990a) and Piquer et al. (1991). 
A body weight gain (BWG) reduction of 39% was observed in the current 
experiment for the I poults from 1 to 9 days of age, as compared with the 
BWG of the UI poults. These data agree with the BWG reductions (39% and 
41%) reported by Angel et a7. (1990a) for SS-infected poults from 1 to 8 
days of age. Piquer et al. (1991), using the same dilution of SS-causing 
Inoculum as the one used in the current experiment, reported a very similar 
BWG reduction (38%) as that observed in this experiment for the I poults, 
as compared with the BWG of the UI poults from 1 to 9 days of age, 
irrespective of differences in dietary treatments involved. 
The maximum depression in BW due to the infection occurred at 9 days 
of age, which agrees with the data reported by Al-Batshan et al. (1992), 
although in the current research the magnitude of the depression was less 
due to a lower concentration of the SS-causing inoculum used to inflict the 
disease. 
Supplementation with 800 lU of VE to the diets improved BW of the 
poults from 9 to 21 days of age. Similar observations had been reported by 
authors working with poultry, pigs, and calves. Soto-Salanova (1991) 
observed that feeding 100 lU of VE per kg of diet to poults of the same age 
as those used in the current experiment Improved their BW, compared with 
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those fed 12 lU of VE. Asghar et a l .  (1991) reported significant 
Improvement In BW of growing pigs when supplementing 100 lU or 200 lU of VE 
per kg of feed, compared with those supplemented with 10 lU of VE. In work 
with calves, Hicks (1985) reported that supplementing 800 lU of VE per head 
per day for the first 21 days and 400 lU of VE until calves were 28 days 
old improved average daily gain by 23%. However, results that are in 
disagreement with those observed in the current experiment have been 
reported by authors working with poultry and swine. 
Bartov and Frigg (1992) and Abawi and Sullivan (1989) observed no 
significant effect of supplementation with high dietary levels of VE (100 
lU) on BW of broilers chickens. The explanation for the lack of effect on 
BW of broilers with the supplementation of 100 lU of VE/kg of diet in these 
experiments could have been the inclusion of a high level of unsaturated 
fatty acids in the diet and a negative interaction between VE and vitamin A 
(VA), respectively. Bartov and Frigg (1992) included 60 g of soybean 
oil/kg of diet plus 80 g of unsaturated fat to increase the degree of 
unsaturation of carcass fat and its susceptibility to oxidation. This 
high dietary levels of unsaturated fatty acids could have; first, promoted 
oxidation of VE in the diet with time of storage (Bauernfeind, 1980), 
reducing the actual supplemented level, even though the antioxidants 
ethoxyquin and butylated hydroxytoluene (BHT) were both added at 
concentrations of 62.5 mg/kg diet, and (or) second, stimulated lipid 
peroxidation at such level that a-tocopherol was required to quench free 
radicals to stop lipid peroxidation (Horwitt, 1972). 
Abawi and Sullivan (1989) studied the Interactions of vitamins A, Dg, 
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E, and K In the diet of broiler chicks, and It may have been possible that 
the relationships among the vitamins were not optimal for an Increase In BW 
(Pudelkiewicz et a7., 1964; March et a7., 1973; Combs and Scott, 1974; 
Corrlgan, 1980; Corrlgan and Ulfers, 1981; Murphy et a/., 1981; Tengerdy 
and Brown, 1977; Tengerdy, 1990). 
Dove and Ewan (1991) and Bonnette et a l  (1990) reported that 
supplementation of pig starter diets with 22 lU of VE/kg and 220 III of 
VE/kg, respectively, did not Improve BW of growing pigs. In the work of 
Dove and Ewan (1991), the lack of effect of VE supplementation on BW may 
have been because the dietary vitamin E concentration that they termed as 
high was relatively low (22 lU/kg) as compared with the concentrations used 
by other authors (Bonnette et a l . ,  1990). In the work of Bonnette e t  a l  
(1990) however, the lack of effect of VE supplementation on BW was possibly 
due to an Increase In the requirements of ^ -tocopherol to stop lipid 
peroxidation caused by the stress of early weaning (Tengerdy, 1989). 
Feed Intake of poults in the current study was depressed by SS-
infection at all ages with the largest reduction (34%) occurring from 1 to 
5 days of age. These data are consistent with the reduction of 30% 
observed by Angel et a l .  (1990a) from 1 to 8 days of age and that of 32% 
observed by Piquer et al. (1991) for the same age period when poults were 
infected with the same SS-Inoculum. 
Supplementation with 800 lU of VE increased FI from 1 to 17 days of 
age and consequently. Increased average dally FI per poult for the 21-day 
experimental period. Similar observations were made by Soto-Salanova 
(1991) who reported that poults fed diets containing 100 lU of VE per kg 
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had greater FI than poults fed 12 lU of VE per kg of diet. Other 
researchers, however, showed that supplementation of dietary VE above 
nutritional requirements (NRC, 1984) to broiler chickens (Bartov and Frigg, 
1992) or growing pigs (NRC, 1988) (Dove and Ewan, 1991; Bonnette et a l . ,  
1990) did not affect FI. The discrepancy between these results and those 
obtained in the current experiment could be explained as discussed above 
for BW. 
Feed efficiency was impaired by SS from 1 to 9 days of age. No 
differences were observed between I and UI poults from 9 to 17 days; 
however, a significantly better FE for I poults was observed from 17 to 21 
days of age. Several authors have reported an impairment in FE caused by 
SS. (Al-Batshan et a7., 1992; Angel et a7., 1990a; Angel et al., 1990b; 
Angel et al., 1992; Piquer et al., 1991). Moreover, similar observations 
on patterns of FE were reported by Piquer et al. (1991) and Al-Batshan et 
al. (1992), when using diluted inoculum, although their data showed that 
the improvement in FE of I poults started at 9 days instead of 17 days of 
age as observed in the current experiment. 
Supplementation with 800 lU of VE did not improve FE at any of the 
age periods. These results agree with those reported by Soto-Salanova 
(1991) for poults of the same age and consuming a diet supplemented with 
100 lU of VE, as well as with those reported by Bartov and Frigg (1992) and 
Abawi and Sullivan (1989) for broiler chickens receiving 100 lU of VE/kg of 
diet. Similar results had also been reported for growing pigs receiving 22 
lU of a-tocopheryl acetate per kg of diet (Dove and Ewan, 1991) and for 
weanling pigs supplemented with 220 lU of VE per kg of diet (Bonnette et 
I l l  
al, 1990). Asghar e t  a l .  (1991) however, observed an improvement in FE of 
growing pigs supplemented with 100 or 200 lU of VE. Because no effect of 
the high dietary level of VE on FE was observed in the current experiment, 
the Increase in BW between 9 and 21 days of age as a response to the 
addition of 800 lU of VE can be explained by an increase in FI. Feed 
'intake was indeed increased by the addition of 800 lU of VE/kg to the diet 
from day 1 to 17. 
Poults fed SFM had a better FE from 9 to 13 days of age than those 
fed CS. The improved FE of the poults fed SFM during this period resulted 
in a superior FE for the entire 21-day experiment. Similarly, a superior 
FE of poults fed a diet containing 19 % sunflower meal and no soybean meal 
was reported by Angel et a7, (1992). 
In the current experiment, SS caused a decrease in liver weight of I 
poults, compared with those of UI poults throughout most of the 
experimental period. These results were probably the consequence of the 
smaller body size of the I poults because, when liver weights were 
expressed as a percentage of BW, the I poults had greater liver weights 
from 5 to 17 days of age. These data agree with those reported in a 
previous experiment by Mallarino et a7. (1992) and indicate that the 
development of the liver was less (or not) affected by the disease than 
that of the whole body. 
As reported by Soto-Salanova (1991), no effect of high-level VE 
supplementation on liver weight of the poults was observed in the current 
experiment until the poults reached 21 days of age. At that time, poults 
supplemented with 800 lU of VE per kg of diet had heavier livers than those 
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supplemented with 12 lU of VE. Similarly, larger livers were observed by 
McCualg and Motzok (1970) In chicks fed 10,000 lU of fi-l-o-tocopheryl 
acetate/kg of diet. 
Supplementation with 800 lU of VE/kg of diet did not affect the 
relative liver weight of poults at any age. These results disagree with 
those reported by Soto-Salanova (1991) who observed that the liver weight 
of the poults relative to BW was reduced by the Inclusion of 100 lU of VE 
In the diet, by 7 days of age. The differences between the results of 
these two experiments may be related to the differences in the levels of 
dietary VE used in the two studies. 
The concentration of liver a-tocopherol varied with the age of the 
poults. In the present experiment, a-tocopherol levels in the livers of 1-
day-old poults averaged 10.6 pg/g, if expressed as concentration, or 16.5 
ng when expressed as total a-tocopherol contained in the liver. By 5 days 
of age, the concentration and amounts of a-tocopherol increased, 
irrespective of level of VE included in the diet, as compared with 1 day of 
age. These high values reflect the utilization of a-tocopherol from the 
egg yolk remaining in the abdomen of poults after hatching. Egg yolk 
supplies nourishment to poults for the first 3 to 4 days after hatching 
(Sell et a7., 1991). Liver a-tocopherol decreased markedly by 9 days of 
age and continued to decrease through 13 or 17 days of age, depending on 
the dietary levels of VE used. Between 17 and 21 days of age, liver a-
tocopherol Increased slightly. These age-related changes in liver a-
tocopherol agree with previous reports by Soto-Salanova (1991) for turkeys 
and by Dudin and Dvinskaya (1983) and Mezes (1988) for chickens. Soto-
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Salanova (1991) described very similar fluctuations of a-tocopherol in the 
liver of poults of the same age as those observed in the current 
experiment. Although Soto-Salanova (1991) reported higher initial liver a-
tocopherol concentrations, the lowest levels attained at 14 days of age 
were similar to those observed in the present experiment. It seems logical 
to attribute these variations in initial a-tocopherol concentrations in 
livers to the VE levels of diets fed to the breeder hens from which poults 
of the two studies were obtained. 
The reasons for the rapid decrease in liver a-tocopherol 
concentration during the early posthatching period are not known, but may 
be related to poor absorption and (or) oxidative destruction of the 
vitamin. Dudin and Dvinskaya (1983), detected a decrease in the absorption 
of a-tocopherol by chicks during the first 5 days posthatching along with, 
an increase in the oxidation of a-tocopherol to a-tocopheryl qui none in 
tissues. When the chicks were 10 days-old, the oxidation process had 
decreased, and, by 20 days, absorption of the vitamin had increased. Mezes 
(1988) stated that in chickens, the early posthatching development (up to 6 
days of age) caused a decrease in liver and plasma a-tocopherol content, 
which remained at the same low level up to 35 days of age. Despite the low 
values of a-tocopherol detected in liver and plasma of the poults in the 
current experiment, characteristic signs of VE deficiency were not 
detected. Evidently the a-tocopherol was being utilized in the body, so 
the animal had enough to meet the requirements but not enough to build up a 
storage in the liver. 
Stunting syndrome did not affect liver a-tocopherol concentration but 
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decreased total liver a-tocopherol at 21 days of age due to the lighter 
liver weights of the I poults, compared to those of the UI poults. 
The Inclusion of 800 lU of VE per kg of diet Increased the 
concentrations of a-tocopherol In liver dramatically from 5 days of age and 
onward, compared with those observed when 12 lU of VE were used. Similar 
results to those observed In the current experiment were reported by Soto-
Salanova (1991) for a-tocopherol concentration in the livers of 14- and 21-
days old poults fed diets supplemented with 100 lU of VE. However, the 
values for liver a-tocopherol concentrations observed in the current 
experiment were much larger than those observed by Soto-Salanova(1991) 
probably due to the higher level of VE Included in the HE diets (800 lU VE 
vs. 100 lU VE). Csallani et al. (1988) also reported an increase in the 
concentration of liver a-tocopherol of turkeys when feeding increasing 
levels of 5-1-a-tocopheryl acetate in the diets. Similarly, the inclusion 
of levels of dietary VE greater than those recommended by the National 
Research Council (1988) in pig starter diets increased the concentration of 
a-tocopherol in the liver of growing pigs (Dove and Ewan, 1991; Asghar e t  
al., 1991). 
In the current experiment, supplementation with 800 lU of VE/kg of 
diet, decreased the extent of the reduction of liver a-tocopherol and 
facilitated an earlier recuperation of the original levels of a-tocopherol 
in the liver, as compared with the supplementation with 12 lU of VE/kg of 
diet. The effect of increasing dietary VE from 12 to 800 lU/kg of diet on 
liver a-tocopherol was particularly evident when expressing the data as 
quantities of a-tocopherol in livers, especially at 21 days of age. In 
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this instance, the increase in a-tocopherol concentration of livers of 
poults fed 800 lU of VE/kg of diet, together with the increase in liver 
weights, resulted in total liver a-tocopherol nearly equal to that observed 
at 5 days of age (99.8 /ig vs. 105.9 /ig). 
The concentration of plasma a-tocopherol varied with the age of the 
poults. Plasmas of 1-day-old poults contained 3.95 ng of a-tocopherol/mL 
for a total of 8.5 ng in total plasma. The concentration of a-tocopherol 
in plasma decreased markedly from 1 to 13 days of age, regardless of 
dietary VE levels. However, the magnitude of the decline was much less for 
the poults fed the higher dietary VE levels. Similar decline patterns in 
a-tocopherol concentrations have been observed in plasma of turkey poults 
(Soto-Salanova, 1991) and in serum of weanling pigs (Dove and Ewan, 1991; 
Bonnette et al., 1990). Between 17 and 21 days of age, plasma a-tocopherol 
concentrations increased, however the rate of increase was different for 
the poults receiving 800 lU and 12 lU of VE in the diets. The increase was 
much greater in plasma of poults receiving 800 lU of VE, reaching a value 
of 5.06 fig/mL by 21 days, than for the poults receiving 12 lU of VE that 
only reached a value of .35 /ig/mL by day 21. 
Poults fed 800 lU of VE/kg of diet showed a slight decrease in total 
plasma a-tocopherol from 1 to 5 days of age and then total plasma a-
tocopherol increased to very high levels (87.18 /ig) by 21 days of age. In 
contrast, poults fed 12 lU of VE/kg of diet showed a marked decrease in 
total plasma a-tocopherol that continued until 13 days of age. These 
results indicate that it would be possible to improve a-tocopherol status 
of young poults by increasing dietary levels of VE to enhance their immune 
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system as has been reported In chickens (Helnzerling et a7., 1974; Tengerdy 
and Brown, 1977; Tengerdy, 1990) and pigs (Peplowski et al., 1981; 
Babinszky e t  a l . ,  1991). More research Is needed to determine the minimum 
dietary level of VE required by young turkeys to obtain this Improvement in 
VE status. 
Contrary to what occurred with liver a-tocopherol, SS decreased 
plasma «-tocopherol concentration of the poults at 9 and 21 days of age. 
These data agree with those reported by Sinclair et a7. (1984) who observed 
a decrease in plasma a-tocopherol concentration in SS-Infected broilers. 
The lack of response of liver compared with a rapid response of plasma to 
SS-infection in terms of fluctuations of a-tocopherol suggests that the 
disease could be affecting the metabolism of VE. According to the data 
reported by Behrens and Madere (1990), from a study on kinetics of tissue 
RRR-a-tocopherol depletion and repletion in rats, plasma and liver were 
among the tissues that responded rapidly (within 3 days) to dietary levels 
of VE. They demonstrated that liver was the only tissue that accumulated 
and lost VE at a similar rate; plasma, however, had a relatively high 
repletion rate but a very slow depletion rate. The more rapid depletion of 
VE in plasma than in liver that was observed in the current experiment for 
SS-Infected poults was contradictory to the findings of Behrens and Madere 
(1990), as far as indicators of dietary changes in VE levels was concerned. 
A possible explanation could be a combination of lack of absorption and 
transport of a-tocopherol. Stunting syndrome Infection causes alterations 
in the intestinal epithelium (Reece et al., 1984; Bracewell and Randall, 
1984; Angel et al., 1990b) and in the activity of digestive enzymes (Salyi 
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and Szabo, 1985; Angel e t  a7., 1990a; Angel et a l . ,  1990b). These 
abnormalities impair the absorption of most nutrients (Sinclair et a7., 
1984; Kouwenhoven et a7., 1983), including lipids (Nelson et a7., 1982; 
Lilburn et al., 1982) and proteins (amino acids) (Salyi and Szabo, 1985). 
An impairment In the absorption of lipids causes a decrease in the 
absorption of a-tocopherol (Bjorneboe et al., 1990), and an impairment in 
the absorption of proteins (amino acids) would limit the synthesis of 
apolipoproteins (Machlin, 1984), and, therefore, the transport of a-
tocopherol (Machlin, 1984; McCormick et al., 1960; Bjornson et al., 1976; 
Behrens et al., 1982; Bjorneboe et al., 1987a; Bjorneboe et al., 1987b ; 
Bjorneboe et al., 1986; Bjornson et al., 1975). Moreover, SS-tnfection 
would stimulate the synthesis of Immunoproteins (Dunnington, 1990) possibly 
at the expense of proteins required for the transport of «-tocopherol. 
When expressing the data as total plasma a-tocopherol, SS caused a 
depression at all ages. The difference in the status of a-tocopherol 
between the I and UI groups of poults in favor of the latter group became 
more evident when considering total plasma a-tocopherol (micrograms of a-
tocopherol In the plasma) than when considering the concentration of a-
tocopherol In the plasma (micrograms of a-tocopherol per milliliter of 
plasma). The reason for that was the smaller size and less blood volume in 
the I poults. 
Similar to what occurred with liver a-tocopherol, supplementation 
with 800 lU of VE/kg of diet significantly Increased plasma a-tocopherol 
concentration and total plasma a-tocopherol, relative to that of poults 
supplemented with 12 lU of VE, throughout the experiment. The same type of 
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response to the Inclusion of high dietary levels of VE was reported for 
turkey poults (Soto-Salanova, 1991) and broiler chickens (Bartov and Frigg, 
1992; Abawi and Sullivan, 1989). Research conducted with other species 
also has shown a response in plasma or serum a-tocopherol to the addition 
of VE to the diets. Supplementation with high levels of VE to pig starter 
diets resulted in an increase in the concentration of serum a-tocopherol in 
growing pigs (Dove and Ewan, 1991; Bonnette e t  a7., 1990; Asghar et a l . ,  
1991). 
The enhancement of plasma a-tocopherol caused by feeding the HE diet 
was not consistent with respect to SS-infection. At 5, 9 and 21 days of 
age, feeding a high level of VE increased the concentration and total a-
tocopherol of plasma of UI poults more than in I poults. These results 
could indicate a lower absorption, impaired transport, and (or) greater 
expenditure of a-tocopherol during metabolism in the instance of the I 
poults. Reduced absorption of VE by I poults could be expected because of 
different reasons: because of the damage of the intestinal mucosa caused by 
SS (Angel et al., 1990b), which evidently interferes with normal nutrient 
absorption, and because of the importance of the process of hydrolysis of 
the ester bonds in the sources of VE used (Gallo-Torres, 1970) in the 
efficiency of a-tocopherol absorption. Vitamin E absorption depends on 
normal lipid digestion and absorption which has been reported to be 
impaired by SS (Nelson et al., 1982; Lilburn et al., 1982). A decrease in 
the lipoprotein fraction HDL between 5 and 9 days of age (maximum 
infection) due to the SS-infection was observed in the current experiment, 
and this could possibly have affected the transport of a-tocopherol. The 
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data reported herein agree with those reported by Alien (1987) In chicks, 
who observed a significant decrease in total plasma HDL from 3 to 7 days 
post-inoculation with Eimen'a acervuh'nat an organism that also causes an 
enteric disease, coccidiosis. A greater expenditure of a-tocopherol in 
poults Infected with SS could also have occurred because of an Increase in 
peroxidation created by the rapidly proliferating cells of the stimulated 
Immune and phagocytic systems developed to fight the infection (Tengerdy, 
1990). 
The pattern followed by liver GSH-Px activity (units per gram of 
liver) was changed by SS-infection. In the instance of UI poults, the 
activity of the enzyme increased steadily throughout the experiment 
attaining a maximum of 10.12 units/g of liver at 21 days of age. In 
contrast, liver GSH-Px activity of I poults reached its maximum (10.36 
units/g of liver) at 13 days of age and then decreased until the end of the 
21-day experiment. In I poults, maximum enzyme activity coincided with the 
end of the period of maximum infection (Angel et a7., 1990) which probably 
Increased GSH-Px antioxidant activity to counteract the Increase in 
peroxidation caused by the infection. 
Although no consistent effect of SS on liver GSH-Px activity (units 
per gram of liver) was observed, SS-infected poults had more plasma GSH-Px 
activity (units per milliliter) from 5 to 9 days of age and less enzyme 
activity from 13 to 17 days of age than the UI poults. According to these 
data, there was a positive correlation between the intensity of SS-
infection (maximum between 5 and 9 days of age) and the level of plasma 
GSH-Px activity. These data disagree with those of Sinclair et a7. (1984) 
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and Smart e t  a l .  (1985) who reported a negative correlation between SS and 
GSH-Px activity in broiler chickens. The results obtained in the current 
experiment could indicate an increase in peroxidation in the poults tissues 
due to the infection and consequently, an increase in the antioxidant 
activity of GSH-Px. As an antioxidant, GSH-Px prevents the initiation of 
free radicals by removing HgOg from the cells (Flohe and Brand, 1969). 
Hydrogen peroxide builds up mainly as a consequence of an increased 
phagocytic activity due to an infection. Moreover, data from the current 
experiment indicated that I poults had lower concentrations of a-tocopherol 
in the plasma than UI poults at 9 days of age. This poorer VE status of 
the I poults could have resulted in a compensatory increase in the 
antioxidant activity of GSH-Px because both VE and GSH-Px exert 
complementary antioxidant action in tissues (Tappel, 1965). 
No significant effect of VE supplementation on liver GSH-Px activity, 
expressed either as units per gram or as total units of GSH-Px activity, 
was observed at any age. Similarly, plasma GSH-Px activity (units per 
milliliter) was not affected by VE supplementation, except at 5 days of 
age, and VE supplementation did not affect total plasma GSH-Px as compared 
with that observed when 12 lU of VE were fed. The results obtained for 
liver GSH-Px activity, disagree with those reported by Dove and Ewan (1991) 
who observed an increase in liver GSH-Px activity in growing pigs when high 
dietary levels of VE were used. However, the results for plasma GSH-Px 
activity, generally agree with those reported by Dove and Ewan (1991) who 
observed that supplementation with a high level of a-tocopheryl acetate to 
the diets of growing pigs did not affect serum GSH-Px activity during most 
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of the experiment. 
Effect of diet on liver and plasma GSH-Px activity, expressed either 
in units per milliliter or in total units, was observed at 9 and 17 days of 
age. In both instances, poults fed SFM had more GSH-Px activity in liver 
and plasma than poults fed CS, indicating a greater biological availability 
of Se from the SFM diet than from the control diet. The latter possibility 
is supported by the high correlation between Se and GSH-Px activity 
reported by Lawrence and Burk (1976). 
Plasma a-tocopherol in young poults was found in the three 
lipoprotein fractions (VLDL, LDL, and HDL). These observations agree with 
those reported for humans (McCormick et a7., 1960; Bjornson et al., 1976; 
Behrens et a7., 1982) and rats (Bjorneboe et a7., 1987a; BJorneboe et a7., 
1987b ; Bjorneboe et al., 1986; Bjornson et al., 1975). Even though a-
tocopherol was present in all of the plasma lipoprotein fractions, the HDL 
and LDL fractions were the major vehicles for a-tocopherol transport, with 
negligible levels found in the VLDL. These data also agree with those 
reported for humans (Behrens et al., 1982). Within the plasma lipoprotein 
fractions HDL and LDL, HDL was the one transporting most of the a-
tocopherol in poults, as reported by Petersson et al. (1991) for chicks and 
by Behrens et al. (1982) for women. These data, however, disagree with 
those reported by Behrens et al. (1982) for fasting men and by McCormick et 
al. (1960) and Bjornson et al. (1976) for humans in general. In these 
instances, LDL was the lipoprotein fraction containing most a-tocopherol. 
The average recovery of a-tocopherol in the lipoprotein fractions, 
stated as a percentage of total a-tocopherol in the plasma of the poults, 
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was 94%. A recovery of 80 % was obtained by Petterson e t  a l .  (1991) when 
studying the transport of a-tocopherol In lipoproteins of chickens. 
Because of the high recovery of plasma a-tocopherol In lipoproteins, one 
may assume that a-tocopherol In poults Is transported In blood only 
associated with lipoproteins as has been reported for humans (Mc Cormick e t  
al., 1960; Bjornson et a7., 1976; Behrens et al., 1982) and rats (Bjornson 
et al., 1975; Bjorneboe et al., 1986; Bjorneboe et al., 1987a; Bjorneboe et 
al., 1987b). 
The concentration of a-tocopherol transported In VLDL, LDL and HDL 
declined drastically from 1 to 9 days of age, Irrespective of treatments, 
and then Increased towards the end of the 21-day experiment. This decline 
In a-tocopherol concentration observed for the Individual lipoprotein 
fractions with the age of the poults coincided with that observed for total 
plasma a-tocopherol concentration. Similar results have been observed in 
studies with Infants. Newborn infants have been reported to have low 
circulating concentrations of VE (Kelly et al.., 1990; Mino et al., 1977; 
Dju et al., 1958), compared with the adult population. However, VE stores 
and hence, circulating concentrations of VE, were replenished postnatally 
(Phelps and Dietz, 1981; Oestra et al., 1986; Kelly et al., 1990). Kelly 
et al. (1990) have reported that plasma VE concentration in term infants 
rose from 1.9 mg/L at day 1 (considerably lower than 9.2 mg/L determined in 
the adult population) to 8.2 mg/L by day 8. One of the theories that has 
been proposed to explain this phenomenon is the occurrence of a transient 
lipoprotein deficiency at birth which limits the mobilization of VE (Desai 
et al., 1984). These authors based their conclusion on the lower levels of 
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the lipoprotein fractions in the plasma of the newborn, compared with 
maternal plasma and on the comparison between the low levels (.37 mg/dL) of 
VE associated with the lipoprotein fractions in the plasma of the newborn 
and that in maternal plasma (.86 mg/dL). Moreover, because of the 
distribution of plasma VE among the lipoprotein fractions, they concluded 
that the deficiency in VE was mainly due to the lack of prebeta (VLDL) and 
beta (LDL) lipoprotein fractions and postulated that the low levels of VE 
at birth may only change with the evolution of beta lipoproteins, 
especially the prebeta (VLDL) form during the early weeks of life. 
Considering the depletion in plasma a-tocopherol and the extremely low 
concentrations of a-tocopherol associated with VLDL in poults that have 
been observed in the present experiment, it seems feasible that young 
poults may also undergo a transient lipoprotein deficiency similar to that 
observed in infants. 
The percentages of a tocopherol carried by the different plasma 
lipoprotein fractions varied with the age of the poults. At 1 day of age, 
UI poults carried 44.03% of the total plasma a-tocopherol in the LDL 
fraction and the rest was approximately equally distributed between the 
VLDL (26.62%) and HDL (29.35%) fractions. At 5 days of age, most a-
tocopherol was carried by the LDL and HDL fractions in approximately equal 
percentages (45.64 and 46.94%, respectively) and that carried by VLDL was 
very low (7.42%). This trend towards a reduction of a-tocopherol in VLDL 
continued and was most marked at 9 days of age (1.36%), accompanied by a 
further Increase in the percentage of a-tocopherol carried by HDL (56.84%). 
At the same time, a slight decrease in the percentage of a-tocopherol 
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carried by LDL (41.80%) was observed. These changes could be the result of 
a transient lipoprotein deficiency, mainly of the prebeta (VLDL) 
lipoprotein fraction, as reported in newborn infants by Desai e t  a7.(1984). 
This is especially true if one considers that the minimum concentrations of 
a-tocopherol in the plasma, as well as the minimum concentrations of a-
tocopherol in VLDL, coincide with the maximum concentrations of a-
tocopherol in the liver, indicating a possible lack of transport of a-
tocopherol by VLDL from the liver. At 21 days of age, 68.68% of a-
tocopherol was carried by HDL and LDL carried 28.77%. However, an increase 
in the percentage of a-tocopherol carried by VLDL (2.55%) also was 
observed, indicating that the transient lipoprotein deficiency was possibly 
coming to an end. 
Supplementation with 800 lU of VE per kg of diet significantly 
increased the concentration of a-tocopherol in VLDL and LDL fractions 
starting at 5 days of age and in HDL fraction from 9 days of age until the 
end of the 21-day experiment. Because there is a concomitant increase in 
the concentration of a-tocopherol and in plasma lipoproteins, it seems 
probable that, in poults, a-tocopherol is transported in the lipoprotein 
fractions VLDL, LDL, and HDL, as has been observed in other species 
(McCormick et a7., 1960; Bjornson et a?., 1976; Behrens et al., 1982; 
Bjorneboe et a7., 1987a; Bjorneboe et al., 1987b ; Bjorneboe et al., 1986; 
Bjornson et al., 1975). 
A study of the amount of circulating HDL In turkey poults showed a 
variation of this particular plasma fraction with age, as indicated by the 
determination of HDL-cholesterol (Pupplone et al., 1980). Plasma HDL-
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cholesterol was reduced 2.6 fold from 1 to 9 days of age and was followed 
by a slight Increase from 9 to 21 days. This reduction In the HDL 
lipoprotein fraction at early age In poults Is similar to that observed by 
Desal et al. (1984) In newborn Infants. 
Stunting syndrome reduced HDL-cholesterol at 5 and 9 days of age but 
this effect disappeared at 21 days. Similar observations were made by 
Allen (1987) in chicks, who observed a significant decrease in total plasma 
HDL, 3 to 7 days after inoculation with Eimeria acervulina  ^ a coccidia that 
also causes an infectious enteric disease. The reduction in HDL-
cholesterol observed between 5 and 9 days in the current study suggests a 
decrease in circulating HDL plasma fraction due to the SS infection. This 
lack of HDL in the plasma of I poults could be negatively affecting the 
transport of a-tocopherol to extrahepatic tissues, including those where it 
was most needed for growth and protection against peroxidation. 
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GENERAL SUMMARY 
The objectives of the research presented in this dissertation were to 
determine whether inclusion of specific ingredients or nutrients in diets 
of stunting syndrome-infected (I) poults could reduce the severity of 
stunting syndrome (SS). These objectives were formulated on the basis of 
previous information originated in our laboratory and elsewhere. 
Previous research has thoroughly documented that SS-infection causes 
severe alterations in the small intestinal epithelium and in the exocrine 
tissue of the pancreas, consequently reducing the activity of the 
intestinal mucosa membrane-bound enzymes and pancreatic enzymes. These 
anatomical and physiological alterations cause maldigestion and 
malabsorption of nutrients that are translated in the poor growth and signs 
of various nutrient deficiencies consistently seen in SS-infected chicks 
and poults. 
To accomplish the objectives, poults were experimentally infected 
with SS-causing inoculum and fed diets containing different specific 
ingredients and nutrients. The disease was induced by inoculating 1-day-
old poults with an inoculum prepared by using intestines from 8-day-old SS-
infected poults. This procedure was proven to be effective in previous 
research in our laboratory. 
The diets evaluated were: a regular corn soybean meal diet (CS), a 
diet containing 10% fish meal (FM), and a diet containing 14 % sunflower 
meal (SFM)in Experiment One, and a corn soybean meal diet supplemented with 
either 12 lU (CSLE) or 800 lU (CSHE) of VE/kg of diet, and a diet 
containing 14% sunflower meal supplemented with either 12 lU (SFMLE) or 800 
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lU (SFMHE) of VE/kg of diet in Experiment Two. 
Infection of 1-day-old poults with SS inoculum caused severe 
depression in growth and feed intake (FI), and an impairment in feed 
efficiency (FE) as compared with uninfected (UI) poults. Maximum reduction 
in body weight (BW) was observed at 9 days of age, averaging 27%, compared 
with BW of UI poults, whereas FI was reduced an average of 29%. Although 
the magnitudes of the reductions in BW and FI of the UI and I poults were 
similar, there was a 19% reduction in the FE of I poults compared to the FE 
of UI poults for the same age period. The most severe effects of SS-
infection were observed during the first 9 days of age in the two 
experiments. However, mortality was greater, the magnitude of the 
reductions in BW and FI were somewhat larger, and the length of the period 
during which FE was impaired was longer in Experiment One. These 
differences in the severity of the infection may have been due to the 
conditions of the poults at the start of the experiments. 
Infected poults had lighter liver weights than UI poults at all ages; 
however, I poults had heavier livers, stated as percentage of BW, than UI 
poults during most of the experiments. These results indicate that SS 
affected BW more severely than liver weight. 
The effect of SS on liver a-tocopherol concentration was somewhat 
inconsistent In the two experiments. Stunting syndrome increased the 
concentration of a-tocopherol In the livers of I poults from 5 to 13 days 
of age in Experiment One but no effect of SS on the concentration of liver 
a-tocopherol was observed in Experiment Two. These results are probably 
due to the differences In the severity of the infection between the 
135 
experiments as described above. Because of a more severe SS-infection in 
Experiment One, there probably was a priority in the synthesis of 
immunoproteins over that of plasma transport lipoproteins in the I poults 
that resulted in a decrease in transport of a-tocopherol to other tissues 
and its consequent accumulation in the liver. Although no effect of SS on 
the concentration of liver a-tocopherol was observed in Experiment Two, SS 
decreased plasma a-tocopherol concentration at 9 and 21 days of age. This 
decrease in plasma a-tocopherol concentration caused by SS was accompanied 
by a decrease in the concentration of a-tocopherol in the plasma low 
density lipoprotein (LDL) fraction at 9 days of age. 
Stunting syndrome-infected poults had greater liver glutathione 
peroxidase (GSH-Px) activity than UI poults at 5 days but less liver GSH-Px 
activity than UI poults later in life (13 and 21 days of age). However, 
SS-infected poults had greater plasma GSH-Px activity from 5 to 17 days of 
age. 
Among the ingredients studied, sunflower meal had the most beneficial 
influence whereby the negative effects of SS were reduced. In Experiment 
One, poults fed SFM were as heavy as poults fed FM and heavier than poults 
fed CS at 5 days of age, and heavier than poults fed CS or FM at 9 and 13 
days of age. Poults fed the diets containing sunflower meal had better FE 
than poults fed the regular corn soybean meal diets at early age (13 days) 
in both experiments, and in Experiment Two that was reflected in a better 
FE for the entire experiment. Liver and plasma a-tocopherol concentrations 
were not affected by the diets. Poults fed sunflower meal in their diets, 
however, had greater liver and plasma GSH-Px activities than poults fed CS 
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but only at some specific ages (9 and 17 days). 
Supplementation of the diets with high levels of vitamin E (VE) 
Increased BW and FI of the poults without affecting FE. The addition of 
800 lU of VE/kg of diet Increased BW of I and UI poults from 9 to 21 days 
of age. This high level of VE also increased BW of the poults fed CS but 
did not Improve the BW of the poults fed sunflower meal-containing diets at 
5, 9, and 13 days of age, probably due to the higher concentration of VE In 
SFMLE compared with CSLE (31% vs. 17%). This improvement In BW was 
entirely explained by an increase in the FI of the poults fed the HE diets 
since FE was not affected by the level of VE in the diet. Liver weights of 
poults were not affected by the high level of dietary VE until 21 days of 
age. At that time, livers of the poults fed the HE diet were heavier than 
those of the poults fed the LE diet. In general, the weight of the liver 
relative to the BW of the poults was not affected by the HE diet. 
Poults fed diets containing 800 lU of VE/kg had greater 
concentrations of liver and plasma a-tocopherol than those fed 12 lU of 
VE/kg. This effect was consistent, irrespective of diet or Infection, for 
most of the experimental period for liver a-tocopherol. The concentration 
of a-tocopherol increased more in plasma of UI poults than in plasma of I 
poults at several ages (5, 9, and 21 days), perhaps due to an impairment in 
the absorption of VE caused by SS. Concomitant with the increase in plasma 
a-tocopherol concentration, there was an Increase in the concentration of 
o-tocopherol in all plasma lipoprotein fractions (VLDL, LDL, and HDL). 
Generally, liver and plasma GSH-Px activities were not affected by the 
supplementation with high levels of VE. 
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The inclusion of 800 lU of VE/kg of diet of young poults improved VE 
status of all poults, I and UI. However, the increase in liver and plasma 
a-tocopherol was greater for the UI poults than for the I poults at very 
early age (5 and 9 days), when maximum infection occurred. An impairment 
in the absorption of VE in I poults was probably caused by the damage of 
the small intestinal epithelium caused by SS. Even though, a total 
alleviation of SS-infection was not achieved, the inclusion of 14% 
sunflower meal and the supplementation with 800 lU of VE to the diets 
assisted poults in recovering more rapidly from the adverse effects of SS-
infection. The dietary inclusion of sunflower meal consistently improved 
FE of I and UI poults from 9 to 13 days of age, and the addition of 800 lU 
of VE to the diets increased BW and FI of the I poults compared with the BW 
and FI of the I poults fed 12 lU of VE/kg of diet. More research is needed 
to identify other ingredients and nutrients, as well as their levels of 
inclusion, that may assist SS-infected poults in overcoming the adverse 
effects caused by SS. 
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APPENDIX 
Assay for vitamin E in feed 
Reagents 
Hexane (HPLC grade) 
Acetone (reagent grade) 
Procedure 
1. Accurately weigh 5-6 g of sample into an ether extract thimble. 
2. Place thimble into the Soxhlet extractor. 
3. Add 75 mL of acetone to a flat bottomed Erlenmeyer flask. 
4. Add 2-3 boileezers. 
5. Begin heating for extraction. 
6. Boil so that the extraction cycle repeats about once in 5 min. 
7. Cover the Erlenmeyer flask with aluminum foil to protect the 
extract from light. 
8. Extract for 3 hours. 
9. Transfer the erlenmeyer to the flask evaporator with a heating 
bath at about 40 C. 
10. Evaporate the extract to dryness. 
11. Redissolve the residue in HPLC grade hexane using 5, 2-mL 
fractions, and transferring the hexane to a 10 mL volumetric flask. 
12. Dilute to volume, and allow to stand for 24 hours in the dark. 
13. Filter the sample using a 10 mL syringe and millipore filters 
(.8 micron). 
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14. Transfer the sample to glass microcentrifuge tubes for HPLC 
analysis. 
Assay for vitamin E in plasma or in plasma lipoproteins 
Reagents 
Hexane (HPLC grade) 
Absolute ethanol 
Procedure 
1. Add 3 ml of absolute ethanol to 16 x 120 culture tube. 
2. Add 2 mL of the plasma sample or plasma lipoprotein sample. If 
sample is smaller than 2 mL, complete with deionized distilled HgO. 
3. Mix. 
4. Add 1 mL of hexane with a volumetric pipette. 
5. Mix. 
6. Centrifuge in a clinical centrifuge to separate the hexane layer. 
7. Transfer the hexane layer to glass microcentrifuge tubes for HPLC 
analysis. 
Assay for vitamin E in liver 
Reagents 
Sodium Phosphate (Dibasic) 7H2O 
EDTA (Disodium) 
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Buffer solution. Dissolve 13.4 g of sodium phosphate and 1.86 g of 
EDTA in 1 L distilled deionized HgO. Adjust the pH to 7.0 with 5N HCl. 
Hexane (HPLC grade) 
Absolute ethanol 
Procedure 
1. Take whole liver at necropsy and freeze at -20 C until analyzed. 
2. Quickly weigh .2-2 g frozen liver. 
3. Place sample in homogenizer tube. 
4. Add 3 mL buffer (above) and mix 15 times. Mix well, to a 
homogenized solution. 
5. Pour into 10 mL volumetric flask. 
6. Add 3 mL buffer to the homogenizer tube and mix 10 times. 
7. Pour into volumetric flask. 
8. Add 3 mL buffer to the homogenizer tube and mix 5 times. 
9. Pour into volumetric flask and bring to final volume of 10 mL 
with buffer. 
10. Mix and keep frozen at -20 C until analysis. 
11. Add 3 mL of absolute ethanol to 16 x 120 culture tube. 
12. Add 2 mL of liver homogenate. 
13. Mix. 
14. Add 1 mL of hexane with a volumetric pipette. 
15. Mix. 
16. Centrifuge in a clinical centrifuge to separate the hexane 
layer. 
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17. Transfer the hexane layer to glass microcentrifuge tubes for 
HPLC analysis. 
Assay for glutathione peroxidase in plasma 
Reagents 
Sodium Phosphate (Dibasic) 7 H2O. 
EDTA (Disodium). 
Buffer solution. Dissolve 13.4 g of sodium phosphate and 1.86 g of 
EDTA in 1 L distilled deionized HgO. Adjust the pH to 7.0 with 5N HCl. 
Hydrogen Peroxide (.176 M). Dilute .06 ml of 30% hydrogen peroxide 
to 10 mL with deionized distilled H2O. 
Sodium Azide (NaN^ 1.125 M, MW 65.02). Dissolve 1.83 g of sodium 
azide in 25 mL of distilled deionized HgO. 
Glutathione Reductase (GR, NADPH: Oxidized glutathione 
oxidoreductase, E. C. No. 1.6.4.2). One unit will reduce 1.0 fwnol of 
oxidized glutathione/minute at pH 7.0 at 20 C. 
Glutathione, reduced form (L-Glutamyl-L-Cysteinylglycine, GSH, MW 
307.3). 
Beta-Nicotinamide Adenine Dinudeotide Phosphate, reduced form, 
tetrasodium salt (NADPH, MW 887.4). 
Substrate solution. To prepare a substrate solution for 10 Assays: 
Weigh 46.7 mg of GSH and 5.0 mg of NADPH, dissolve in 28 mL of buffer 
(above) and add .10 mL of sodium azide and .10 mL of GR, following the 
mentioned order. The Absorbance of the substrate solution should be about 
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.8. For more assays, Increase the quantities of the reagents 
proportionally. 
Procedure 
1. Pipette aliquots of 2.88 ml of the substrate solution into 
culture tubes. 
2. Add .02 mL of plasma. For blank determination, add .02 mL 
distilled deionized H^O. 
3. Place in a constant temperature bath at 20 C. 
4. After tube reaches 20 C, add .1 mL hydrogen peroxide, mix and 
transfer to a 1 cm cuvette. Use distilled deionized H2O in the reference 
cuvette. 
5. Record the decrease in Absorbance at 340 nm for at least 3 
minutes. 
Calculations 
A line is drawn through the linear portion of the curve and the 
change in Absorbance per minute is calculated. The units of activity are 
calculated as follows: 
GSH-Px, units/mL» fA Abs.of the sample - A Abs.of the blank) x .48231 
mL of sample 
One unit of activity will convert 1 imol of H2O2 into HgO/minute at 
pH 7.0 and 20 C. 
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Assay for glutathione peroxidase in liver 
Reagents 
Sodium Phosphate (Dibasic) 7 H^O. 
EDTA (Disodium). 
Buffer solution. Dissolve 13.4 g of sodium phosphate and 1.86 g of 
EDTA in 1 L distilled deionized HgO. Adjust the pH to 7.0 with 5N HCl. 
Hydrogen Peroxide (.176 M). Dilute .06 ml of 30% hydrogen peroxide 
to 10 mL with deionized distilled H^O. 
Sodium Azide (1.125 M sodium azide, MW 65.02). Dissolve 1.83 g of 
sodium azide (NaNg) in 25 mL of distilled deionized HgO. 
Glutathione Reductase (GR, NADPH: Oxidized glutathione 
oxidoreductase, E. C. No. 1.6.4.2). One unit will reduce 1.0 /onol of ' 
oxidized glutathione/minute at pH 7.0 at 20 C. 
Glutathione, reduced form (L-Glutamyl-L-Cysteinylglycine, GSH, MW 
307.3). 
Beta-Nicotinamide Adenine Dinucleotide Phosphate, reduced form, 
tetrasodium salt (NADPH, MW 887.4). 
Substrate solution. To prepare a substrate solution for 10 Assays: 
Weigh 46.7 mg of GSH and 5.0 mg of NADPH, dissolve in 28 mL of buffer 
(above) and add .10 mL of sodium azide and .10 mL of GR, following the 
mentioned order. The Absorbance of the substrate solution should be about 
.8. For more assays, increase the quantities of the reagents 
proportionally. 
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Procedure 
1. Take whole liver at necropsy and freeze at -20 C until analyzed. 
2. Quickly weigh .2-2.0 g frozen liver. 
3. Place sample in homogenizer tube. 
4. Add 3 ml buffer (above) and mix 15 times. Mix well, to a 
homogenized solution. 
5. Pour into 10 mL volumetric flask. 
6. Add 3 mL buffer to the homogenizer tube and mix 10 times. 
7. Pour into volumetric flask. 
8. Add 3 mL buffer to the homogenizer tube and mix 5 times. 
9. Pour into volumetric flask and bring to final volume of 10 mL 
with buffer. 
10. Pipette aliquots of 2.88 mL of the substrate solution into 
culture tubes. 
2. Add .02 mL of liver homogenate. For blank determination, add .02 
mL distilled deionized HgO. 
3. Place in a constant temperature bath at 20 C. 
4. After tube reaches 20 C, add .1 mL hydrogen peroxide, mix and 
transfer to a 1 cm cuvette. Use distilled deionized H2O in the reference 
cuvette. 
5. Record the decrease in Absorbance at 340 nm for at least 3 
minutes. 
Calculations 
A line is drawn through the linear portion of the curve and the 
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change in Absorbance per minute is calculated. The units of activity are 
calculated as follows: 
GSH-Px, units/mL- fA Abs.of the sample - A Abs.of the blank) x .48231 
mL of sample 
GSH-Px, units/g- (A Abs.of the sample - A Abs.of the blank) x .48231 
5 min. x .02 mL x sample weight 
10 mL 
GSH-Px, units/g= fA Abs.of the sample - A Abs.of the blank) x 48.231 
sample weight 
One unit of activity will convert 1 /imol of H2O2 into H20/minute at 
pH 7.0 and 20 C. 
Assay for plasma lipoprotein fractionation 
Reagents 
NaCl 
KBr 
Dry overnight, before preparing the salt solutions. 
Salt solutions 
Solution A: Dissolve 8.775 g NaCl in 1 L distilled deionized HgO 
(density* 1.005). 
Solution B: Dissolve 153 g NaCl and 354 g KBr in 1 L distilled 
deionized HgO (density- 1.346). 
Solution C: Mix 500 mL solution A and 508.9 mL solution B (density-
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1.177). 
Solution D: Mix 250 ml solution A and 51.2 mL solution B (density^ 
1.063). 
Solution E: Mix 165.9 mL solution A and 250 mL solution B (density* 
1.21). 
Procedure 
1. Add 3 mL plasma to ultracentrifuge tubes. 
2. Layer .9 mL of solution A. 
3. Spin 18 hours at 39,000 rpm at 18 C. 
4. Aspirate carefully with Pasteur pipette 1.5 mL from the top layer 
of the content in each tube. The portion removed contains the VLDL 
fraction. 
5. Add 1.2 mL of solution C and stir. 
6. Layer .3 mL of solution D. 
7. Spin 22 hours at 39,000 rpm at 18 C. 
8. Aspirate carefully with Pasteur pipette 2.1 mL from the top layer 
of the content in each tube. The portion removed contains the LDL 
fraction. 
9. Add 1.8 mL of solution B and stir. 
10. Layer .3 mL of solution E. 
11. Spin 22 hours at 39,000 rpm at 18 C 
12. Aspirate carefully with Pasteur pipette 1.8 mL from the top 
layer of the content in each tube. The portion removed contains the HDL 
fraction. 
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13. The 2.1 ml remaining In the bottom of each tube contains the 
VHDL. 
